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Active packaging plays a promising approach to extend the shelf-life of packed fresh mushrooms without compromising the fresh status. Four different active agents were incorporated into the packaging material to extend the shelf-life of packed mushrooms: sodium metabisulphite combined with citric acid; green tea extract; cinnamon essential oil and purple carrot extract. The sulphur dioxide-based packaging maintained the mushrooms white and appealing to consumers for a longer time than conventional packaging. The release of sulphur dioxide was carefully adjusted to avoid undesirable yellowing while keeping the whitening effect. Sulphur dioxide was determined in the mushrooms after the storage period, being the resulting concentration below the current limit of 10 mg/g. Green tea extract at high concentration maintained white colour of mushrooms longer than blank samples. Cinnamon essential oil and purple carrot extracts did not show enough antioxidant properties to inhibit the spoilage of mushrooms and/or extending their shelf-life. © 2015 Elsevier Ltd. All rights reserved.
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1. Introduction Mushrooms (Agaricus bisporus) are perishable food products that deteriorate in a short period of time after harvest, what inﬂuences their postharvest storage and distribution as fresh product. High metabolic activity, respiration rate and dehydration bear responsibility for the quick decay of mushrooms (Ares, Lareo, & Lema, 2007). Their wholesale and consumer acceptance decreases predominantly due to the loss of white colour but also because of size reduction, weight loss, texture changes and, in some cases, spore formation (Ares et al., 2007; Xiao, Zhang, Shan, You, & Salokhe, 2011). The loss of the characteristic white colour of fresh mushrooms is produced by enzymatic browning (Jolivet, Arpin, Wichers, & Pellon, 1998). Enzymatic browning is a chemical process that involves the reaction of substrates such as monophenols and polyphenols with atmospheric oxygen in the presence of enzymes, and the subsequent production of high-molecular-weight pigments (melanins) (Montero, Martinez-Alvarez, Zamorano, Alique, &
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Gomez-Guillen, 2006). Phenols and especially polyphenols (containing two or more phenol groups) provide the colour of many plant products, the taste and the ﬂavour of beverages, and are also well known antioxidants. The most important phenolic compounds taking part as substrate in browning reaction in mushroom are tyrosine, L-DOPA and pyrocatechol (Dubost, Ou, & Beelman, 2007; Ferguson, 2001). The main enzyme in the reaction of browning of mushrooms is tyrosinase (EC 1.14.18.1), which belongs to the polyphenol oxidase family. Tyrosinase is a copper-containing protein. The two copper atoms within the active site of enzyme interact with oxygen to form a highly reactive chemical intermediate that oxidizes the substrate (Kim & Uyama, 2005; Seo, Sharma, & Sharma, 2003). The enzymatic browning takes place in two steps: the hydroxylation of monophenols to o-diphenols and the oxidation of o-diphenols to oquinones. The former is reversible, but the latter is irreversible, causing permanent change of mushrooms colour from white to brown (Selinheimo et al., 2007). Controlling the enzymatic browning is a major challenge in the mushrooms industry. One of the most common methods for extending the shelf-life of fresh mushrooms is washing them with aqueous solutions of citric acid or citrates. The European legislation establishes the preservatives that can be added to fresh mushrooms, including citric acid/citrates and ascorbic acid/
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ascorbates. The addition of citric acid or ascorbic acid results in lowering the pH and the subsequent inhibition of the enzyme activity, which is pH sensitive (Apintanapong, Cheachuminang, Sulansawan, & Thongprasert, 2007). Other ways of mushroom conservation have been proposed and are widely described in literature. These methods intend to avoid enzymatic browning and are based on protecting the substrate by removing essential components from the reaction (most often the oxygen) or inactivating the enzyme. The most proposed treatments combine refrigeration, use of humectants, washing with chemicals, application of inhibitors of tyrosinase, coating and/or modiﬁed atmosphere packaging (MAP) (Singh, Langowski, Wani, & Saengerlaub, 2010). For n et al. proposed to wash sliced mushrooms with instance, A. Simo aqueous solution of citric acid and pack them using MAP. It resulted on decreasing the microbial population and avoiding spots (Simon, Gonzalez-Fandos, & Vazquez, 2010). Sapers et al. proposed a washing treatment using a solution of hydrogen peroxide and solutions of sodium erythorbate, cysteine, disodium EDTA and sodium chloride (Sapers, Miller, Pilizota, & Kamp, 2001). These methods require direct contact between the mushrooms and the antioxidant, either by immersing them in an active solution or using a spray coating. So, these methods are applicable to canned, bottled, dried or frozen mushrooms. The recent development of active packaging provides another approach to extend the freshness of food products. Active packaging changes the environmental conditions to maintain the sensory properties and ensure the safety of the product. The active packaging may act either by progressively releasing active agents to the surrounding atmosphere or by absorbing the compounds that deteriorate the food, such as oxygen or free radicals. This kind of packaging does not require direct contact to the foodstuff to exhibit antioxidant properties. In this way, the compounds inhibit the development of enzymatic reactions (Montero-Prado, RodriguezLafuente, & Nerin, 2011) and oxidative spoilage for a longer period of time than under the conditions by which these antioxidants are typically used. In the case of radical scavengers, there is no release of active agents, but only direct action from the packaging material. This work aims at the extension of shelf-life of fresh mushrooms by using a novel active packaging. Several active agents such as sulphur dioxide, green tea extract, purple carrot extract, bilberry extract and cinnamon essential oil were investigated herein. Sulphur dioxide is a well-known food preservative characterized by number E220. Sulphur dioxide acts as an oxidizing agent in the bleaching effect. It is widely used as a bleaching agent in ﬂour, vitamin C stabilizer and also it prevents discolouration of white wine (Barril, Clark, & Scollary, 2012). Sulphites are universally used as antioxidants in wine, being their main functions the reduction of o-quinones and the removal of hydrogen peroxide formed by oxidation of phenolic compounds. Then, sulphites may act as radical scavengers and prevent the bacterial and enzymatic decomposition of products (Decker, McClements, & Elias, 2010). Also sulphur dioxide has shown antimicrobial properties and may inhibit the growth of Pseudomona tolaasi (Opperman, Fourie, Sanderson, & Britz, 1999; Singh et al., 2010). Green tea extract is a natural source of catechins, which are phenolic compounds with strong antioxidant and antimicrobial properties. The main compounds that are responsible for antioxidant activity of green tea are (þ)-catechin, ()-epicatechin, ()-gallocatechin, ()-epigallocatechin, ()-catechin gallate, ()-epicatechin gallate, ()-gallocatechin gallate and ()-epigallocatechin gallate (Colon & Nerin, 2012; Taylor et al., 2005). Purple carrot and bilberry extracts contain anthocyanins, another family of phenolic compounds with antioxidant behaviour (Li et al., 2012). Cinnamon essential oil was also studied because of its
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~ i et al., 2009). D. Pezo et al. reported antimicrobial properties (Gon (Pezo, Salafranca, & Nerin, 2007, 2008; Salafranca, Pezo, & Nerin, 2009) in their investigation determined and quantiﬁed the compounds responsible for the antioxidant activity of different essential oils including cinnamon essential oil incorporated into active packaging. The most abundant volatile compounds were transcinnamaldehyde, linalool and thymol. However, most of them were individually studied. Their combinations to take beneﬁt of likely synergistic effects have been scarcely used. Scientiﬁc research showed that there is strong synergistic effect between green tea extract and alpha-tocopherol (Yin, Becker, Andersen, & Skibsted, 2012). In this work the synergistic effects of several pairs of antioxidants and their incorporation to packaging materials is studied for extending the shelf-life of sliced fresh mushrooms. To the best of our knowledge, no active packaging for fresh mushrooms has been developed so far. This work shows a novel approach to extend the shelf-life of mushrooms maintaining their sensory quality without compromising the food safety. 2. Experimental 2.1. Materials and methods 2.1.1. Chemicals p-Rosaniline hydrochloride (dye content >85%, CAS 569-61-9) and formaldehyde (37%, CAS 50-00-0) were from SigmaeAldrich Química S.A. (Madrid, Spain). Sodium hydroxide (98%, CAS 131073-2) and sodium chloride (CAS 7647-14-5) were provided by s, Spain), hydrochloric acid (37%, for Panreac (Castellar de Valle ~ a), analysis grade), was provided by Sharlab (Barcelona, Espan mercury(II) chloride (CAS 7487-94-7) was provided by Merck (Madrid, Spain). Trolox (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid; 98%, CAS 53188-07-1); ﬂuorescein (3,6-dihydroxypiro[isobenzofuran-1[3H],9[9H]-xanthen]-3-one; Standard Fluka, CAS 51847-8), AAPH (2,20 -azobis(2-methyl- propionamidine)dihydrochloride; 97%, CAS 2997-92-4) were purchased from SigmaeAldrich Química S. A. (Madrid, Spain). Acetone (HPLC grade, CAS 67-64-1), disodium hydrogen phosphate dihydrate (99.5%, CAS 10028-24-7), and sodium dihydrogen phosphate monohydrate (99%, CAS 7558-80-7) were purchased from Merck (Madrid, Spain). Ultrapure water was obtained from a Millipore Milli-QPLUS 185 system (Madrid, Spain). 2.1.2. Active agents Sodium metabisulphite (puriss 98%e100.5%, CAS 7681-57-4), citric acid (99%, 77-92-9) and (±)alpha-tocopherol (96%, CAS 10191-41-0) were purchased from SigmaeAldrich Química S.A. (Madrid, Spain). Green tea extract Sunphenon 90M-T (Camellia sinensis, catechins content >75% w/w) was supplied by Taiyo (Filderstadt, Germany). Cinnamon essential oil (Cinnamomum zeylanicum, CAS 8015-91-6) was supplied by Argolide (Barcelona, Spain). Purple carrot extract (Daucus carota, food additive E163) was sup~ a, S.A. (Barcelona, plied both as liquid and powder by Azelis Espan Spain). Bilberry extract (Vaccinium genus) was supplied by Iprona AG/SpA (Lana, Italy). 2.1.3. Samples Sliced mushrooms (Agaricus bisporus) were purchased in a local market the same day that the experiment was carried out. Only mushrooms put up for sale the same day of being harvested were purchased. Mushrooms were supplied in 250 g polystyrene trays wrapped with extensible, transparent PVC ﬁlm. Only the slices with the minimum number of visual injures and high factor of white
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colour (L* > 80) were selected for this study, limiting the selection to only 10e15 slices per tray. Filter paper spiked with the selected antioxidants were initially used as active labels to conﬁrm the antioxidant properties. 2.1.4. ORAC assay The ORAC assay was used to select the most antioxidant active agents, as well as to check the antioxidant capacity of the active labels. The ORAC assay was performed as described in literature (Bentayeb, Vera, Rubio, & Nerin, 2009). Standard solutions of ﬂuorescein at 2.3 mg/g and AAPH at 34 mg/g were prepared in 75 mM sodium phosphate buffer (pH 7.0). Stock solutions at concentration 1000 mg/g in acetone of the following antioxidants were prepared: green tea extract, cinnamon essential oil, bilberry extract, purple carrot extract (both liquid and powder extracts). Each stock solution was diluted 2 times in buffer solution, with the exception of the green tea solution, which was diluted 20 times. The ORAC assay was carried out by mixing 200 mL of the antioxidant solution with 1.9 mL of ﬂuorescein solution in a 10 mm spectrophotometer cuvette. Then, the reaction was triggered by adding 1.4 mL of the AAPH solution. The resulting mixture was brieﬂy shaken and the absorbance at 490 nm was monitored using a Spectrophotometer rica (Madrid, Spain). The UV-1700 Pharmaspec from Shimadzu Ibe buffer solution was used as reference. The reaction was carried out at 40  C for 60 min using the “kinetic mode”. Immediately before the assay, the corresponding volumes of the reagent solutions were incubated at 40  C during 15 min to minimise temperature-related irreproducibility. The measurements of active packaging were done as follows. A piece of 1 dm2 was cut into 4 parts and extracted with 6 mL of acetone using ultrasound bath for 15 min. An aliquot was diluted 50 times with buffer solution. The antioxidant capacity of the resulting solution was measured using the protocol described above. All the results were expressed as grams of Trolox per gram of active solution or as grams of Trolox per square meter of active ﬁlm. Thus, external calibration was carried out by measuring Trolox solutions in the range from 25 mg/g to 250 mg/g. A 1000 mg/g Trolox solution in buffer was previously prepared to draw the calibration curve. 2.1.5. Active packaging The selected active agents were incorporated on two different substrates: paper and polymeric ﬁlm. Paper was spiked with the active agents, dried and directly used as active label without direct contact with the target food. The polymeric ﬁlms were manufac~a nigo, Spain). Active ﬁlms tured and supplied by Artibal S.A. (Sabin consisted of polyethylene terephthalate coated with an active coating containing the antioxidant agent. The coating components are protected by the patent EP1477519 A1. Table 1 lists the active packages studied herein.



Table 1 Active packaging studied for extending the shelf-life of mushrooms. Antioxidant



Concentration in the Incorporated packaging (g/m2) in:



Blank Sodium metabisulphite/citric acid Sodium metabisulphite/citric acid Green tea extract Green tea extract Purple carrot extract Cinnamon essential oil Cinnamon essential oil Green tea extract þ vitamin E Green tea extract þ cinnamon essential oil



e 0.60/0.15 0.60/0.06 6.0 0.12 0.04 3.6 0.04 0.14/0.04 0.14/0.04



Paper Paper Paper Paper Film Film Paper Film Film Film



2.1.6. Packaging of sliced fresh mushrooms Mushroom slices (one or two, depending on the experiment) were placed in a plastic Petri dish. The Petri dish was then introduced into a plastic bag with dimension 11  11 cm, made of thermosealable polypropylene ﬁlm provided by the Food Innovation and Technology Centre from La Rioja (Spain). The ﬁlm was manufactured to be used in conventional trays of fresh mushrooms. The thickness of the ﬁlm was 40 mm, and it contained 7-8 longitudinal microperforations per tray of 100mm ± 10% every 15 mm. A piece of ﬁlter paper or active ﬁlm with dimensions 6.0  6.0 cm was placed on the inner surface of the upper side of the bag, in such a way that there was no direct contact between the active agent and the mushroom. Blank samples without antioxidant were also prepared. Twenty replicates of each type were prepared. The mushrooms were stored in a refrigerator at 4  C and monitored during their shelf-life, performing quality control tests during 11 days. 2.2. Quality control of mushrooms 2.2.1. Image processing and colour measurement Pictures of mushrooms were taken using a camera Nikon Coolpix 4300 set at 15 cm height and at an angle of 45 . Samples were lightened from above. Manual mode with cancelled ﬂash was used. White balance was adjusted manually using white chroma meter standard. Settings were adjusted as follows. Focus mode: macro close-up. Image quality: ﬁne. Image size: 1600. Sensitivity: ISO auto. Metering: matrix. Slices of mushrooms were also scanned using an EPSON Stylus  DX3800 from EPSON IBERICA, S.A.U. (Barcelona, Spain). The white reﬂective document mat located on the inner side of the scanner lid was covered by black cardboard to avoid reﬂections. All mushrooms from one type of active agent were put on the glass board and scanned using the program Epson Scan v1.2. The pictures obtained where processed using the program Photoshop CS6 from Adobe , California). Colour space was set to CIELab. Systems Inc. (San Jose The white area of the pictures was selected using the “Magic cutting tool” of the program. In this way, both the background and the gills of the mushrooms were not considered for the subsequent colour analysis. Then, the histogram of the parameter Lightness (L) for the selected area was obtained. The following equation was used to transform L to L*: L* ¼ (L/255)  100% (Guillaume, Schwab, Gastaldi, & Gontard, 2010). The average value of L*, as well as the percentage of pixels with L* > 80 were recorded. 2.2.2. Visual panel The consumer acceptance of the product was studied using a panel. Nine testers were invited to participate in the visual evaluation of mushrooms. All of them underwent training in which the different stages of mushroom deterioration were shown. Two different tests were carried out. The ranking test was carried out in accordance with the norm ISO 8587:2006 (“Sensory analysis. Guidelines for the use of quantitative response scales. (ISO 412:2003),”). This test consisted of assigning a number to the sample under examination from 1 to 10, where 1 indicated that the mushroom slices were completely white and 10 indicated that mushrooms were not suitable for consumption (beyond the bestbefore date). The second test was a paired comparison test carried out in accordance with the norms ISO 5495:2005 and ISO 5495:2005/Cor 1:2006 (Zotarelli, Porciuncula, & Laurindo, 2012). This test was performed as bilateral comparison, where the researcher did not have previous knowledge about which sample could be better. The aim of this test was to determine if the consumers would preferably choose one kind of packaged mushrooms.
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Pairs of blank and active packaging were unpacked, placed randomly and evaluated by the testers. 2.3. Packaging safety: determination of SO2 in mushrooms The residual content of sulphur dioxide was measured in the mushrooms packed in metabisulphite/citric acid 0.6/0.06 g/m2 packaging. The method developed by Monier-Williams was applied, with some modiﬁcations as explained below (Montes et al., 2012). Twenty grams of mushrooms were triturated crushed with 20 mL of water and homogenised using an Ultra-Turrax T18 from IKA (Staufen, Germany). The resulting slurry was poured into a double neck round-bottom ﬂask connected to a condenser. The exit of the condenser was connected to another ﬂask containing 20 mL of 0.01 M sodium hydroxide aqueous solution. An air ﬂow input was connected to the second neck of the round-bottom ﬂask, bubbling the mixture and carrying the vapours released to the trapping alkaline solution. The extraction of sulphur dioxide started with the addition of 20 mL of 25% (w/w) aqueous hydrochloric acid to the mushrooms slurry. The extraction was carried out at 85  C using a silicone oil bath for 30 min. Also, a magnetic stick bar was used to homogenise the solution. Sulphur dioxide was analysed in the trapping solution by using the p-rosaniline method (Thomas et al., 1980). An aliquot of 2.5 mL of the trapping solution was mixed with 2.5 mL of 0.1 M sodium tetra-chloro mercurate aqueous solution. Then, 5 mL of acid bleached p-rosaniline hydrochloride, previously ﬁltrated with 0.45 mm Teﬂon® ﬁlter, and 10 mL of 0.015% (w/w) of formaldehyde aqueous solution were added. The reaction vials were shaken and hold for 30 min at 22  C. After that time, the absorbance at 550 nm was measured using a Spectrophotometer UV-1700 Pharmaspec rica (Madrid, Spain). A blank sample using from Shimadzu Ibe 2.5 mL of 0.01 M sodium hydroxide solution instead of the trapping solution was used as reference. Three replicates were carried out.



Finally, the chosen active agent needs to be incorporated into packaging material. It has to be taken into account that limited amount of antioxidant can be incorporated without changing the physical properties of material. Frequently, in vivo experiments (i.e. with foodstuffs) require much more amount of antioxidant in the packaging than that optimized in in vitro tests (i.e. using indirect measurements of antioxidant capacity). These factors make even more difﬁcult and complex to ﬁnd a perfect solution for extending the shelf-life of white sliced mushrooms. Fig. 1 shows the scheme of the steps taken to develop the active packaging. The active packaging was intended to exhibit appreciable antioxidant properties, so several parameters were studied and optimised to maximise the antioxidant effect on the packaged mushrooms. Sliced rather than entire mushrooms were chosen as target product, because of their higher susceptibility to oxidation and colour change. Test pouches containing the slices of mushrooms and the antioxidant agent were prepared as described above to run as many replicates as possible. 3.1.1. Selection of active agents Sulphur dioxide was chosen for being incorporated into the active packaging. The list of food additives within the European Union contains 7 different chemicals that can be used to release sulphur dioxide: numbers E221 to E228. Sodium metabisulphite (E223) was selected because of its good solubility in glycerine and propylene glycol, chosen as potential solvents, compatible to the



3. Results and discussion 3.1. Optimisation of the active packaging Creation of a novel active packaging based on antioxidants that are able to prolong freshness and whiteness of mushrooms is a huge challenge due to the difﬁculties in working with fungus. The ﬁrst challenge to cope with is an enzymatic deterioration of samples. Without exception, in an enzymatic reaction direct contact between the antioxidant and the enzymes taking part in the reaction of discolouration is required to stop their activity. Most of the publications in the scientiﬁc literature suggest total immersion (or washing) of mushrooms in the active solution. However, active packaging for fresh mushrooms does not assume direct contact between the product and the active agent. Therefore, other approach needs to be applied. As food safety must be necessarily ensured, the used active agents need to be approved for being used in contact with food by European legislation. Consequently, the range of substances that can be tested is limited. Moreover, mushrooms are very susceptible products. They are susceptible not only to mechanical injuries but also to excess of active agents what can make them quickly brown. So it is extremely difﬁcult to ﬁnd an antioxidant working in this case. In addition, packaging needs to provide appropriate exchange of gases. High respiration rate of mushrooms results in high humidity level. When the humidity level is too high, water condenses on the surface of packaging and then drops down, causing quicker deterioration of mushrooms. But if the humidity level is too low, mushrooms loose water and they become dehydrated.
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Figure 1. Steps to develop the active packaging.
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manufacturing of the active paper. Sulphur dioxide had to be generated in situ and progressively released from the packaging to act on the foodstuff, so an acid was needed. Among the wide range of acids that can be used to add to the packaging, citric acid was chosen because it is commonly used as an antioxidant food additive (E330). The whole mixture was added as a coating on paper substrate, which was later used as active paper label. The selection of other active agents was based on their antioxidant capacity, previously measured using the ORAC assay. Cinnamon essential oil (2.11 ± 0.16 g Trolox/g active agent) and green tea extract (1.97 ± 0.02 g Trolox/g active agent) showed the highest antioxidant capacity. The extract of green tea showed ten times more antioxidant capacity than any extract containing anthocyanins (purple carrot liquid extract: 0.20 ± 0.02 g Trolox/g active agent; purple carrot powdered extract: 0.19 ± 0.02 g Trolox/g active agent; bilberry extract: 0.15 ± 0.02 g Trolox/g active agent). The liquid extract of purple carrot was also selected to be incorporated into the active ﬁlm. The maximum concentration of green tea extract in the active plastic ﬁlm was limited to 0.12 g/m2, since a higher concentration substantially changed the mechanical properties of the coated ﬁlm. Despite the active ﬁlm can stand higher concentration of cinnamon essential oil (up to 0.32 g/m2), only the ﬁlm containing 0.04 g/m2 was studied, as too much release of cinnamon essential oil components burnt the mushrooms surface (see Section 3.2.1). 3.1.2. Test pouches Two types of ﬁlms were tested: polypropylene 40-mm heatsealable ﬁlm and low density polyethylene 14-mm stretch ﬁlm. Both ﬁlms were micro-perforated to allow gases exchange and therefore mushrooms respiration. Preliminary experiments showed that the shelf-life of sliced mushrooms lasted slightly longer when using heat-sealable ﬁlm, likely as a consequence of the larger headspace and the lack of direct contact between the produce and the ﬁlm. Thus, heat-sealable ﬁlm was selected to prepare test pouches containing a Petri dish with one or two slices of mushrooms. The size of the test pouch (11 cm  11 cm) was adjusted to ﬁt the Petri dish (8.5 cm diameter), leaving as less headspace as possible. In the ﬁrst stage of the research, the active agents were studied in solution. The different solutions were spiked on pieces of paper that were placed into the test pouch as internal active labels, as a proof-of-concept experiment. In the second stage, the active agents were incorporated into the ﬁlm, and a piece of active ﬁlm was placed into the test pouch. In the ﬁrst stage, paper also helped in reducing the condensation of water into the pouch, that otherwise would had caused brown spots in the mushrooms and the subsequent disruption of the experiment. Thus, a piece of paper was also placed into the test pouch when the active ﬁlm was tested. Different locations of the piece of paper and the piece of polymeric active ﬁlm were studied. As will be later shown, the best result was obtained by placing the piece of paper in the centre of the packaging and the piece of active ﬁlm cut into four 3 cm  3 cm squares located in the corners of the packaging. 3.2. Quality control of mushrooms 3.2.1. Photos The analysis of the photos of mushrooms (Fig. 2) showed that the test pouches containing blank samples (without antioxidant agent) were completely spoiled after 8 days, with the appearance of brown colour and blotching. The mushrooms packed with sodium metabisulphite/citric acid (0.60/0.15 g/m2) maintained white colour during 11 days. However, yellow stains were observed on the edge of the surface of some samples. It means that the amount of sulphur dioxide released from the packaging was too high and the



cells of the mushrooms absorbed the excess. Therefore, the concentration of citric acid was reduced to 0.06 g/m2, what resulted in maintaining the samples white during 8 days without yellowish. In the case of test pouches with green tea (6 g/m2), the mushroom slices were white after 11 days, although orange blots were observed in parts of the mushroom that had touched the paper with antioxidant. Hereafter, only one slice of mushroom was placed into the Petri dish to avoid direct contact between mushrooms and packaging. Cinnamon essential oil (3.6 g/m2) caused the dark brown on the entire surface of the mushroom slice, leaving the smell of cinnamon. The pictures also showed that anthocyanins (purple carrot liquid extract) did not keep the mushrooms fresh longer than the blank test pouches, probably because its insufﬁcient antioxidant capacity. When working with active ﬁlm, no differences were observed between blanks and test pouches containing green tea extract (0.12 g/m2). The differences in the behaviour of green tea in paper or in active ﬁlm were likely due to the much lower concentration of green tea extract that could be incorporated into the active ﬁlm. The active ﬁlms containing 0.04 g/m2 of cinnamon essential oil or 0.04 g/m2 of purple carrot extract did not show appreciable antioxidant properties, neither. 3.2.2. Whiteness and shelf-life of mushrooms During the shelf-life of mushrooms, browning does not occur homogeneously on the surface of the slice, but some areas turn darker than others. Therefore, a single slice cannot be characterized by a single colour, but by the average colour of several points on the same surface. This is sometimes performed by measuring the colour on 10e20 different spots on the surface using a chroma meter. Besides, the thorough characterization of the mushrooms freshness involves performing several replicates, due to the inherent variance between different slices of mushrooms. At this point, the authors considered the advantages of using a commercial scanner to record the image of several slices at the same time and, later, process the image using the appropriate software. Several authors have used this technique to characterize food products, showing comprehensive, accurate and reproducible scientiﬁc data (Brennan, Le Port, Pulvirenti, & Gormley, 1999; Guillaume et al., 2010; Liu & Wang, 2012). A histogram of the average L* value of the slices packed mushrooms under different conditions (the two most efﬁcient antioxidants were chosen to compare with blank sample) was created. The average L* value of blank assays decreased from 83 to 73 in 11 days. After 4 and 7 days, the mushroom slices packed in test pouches containing metabisulphite/citric acid (0.6/0.15 g/m2) showed the highest average L* value, i.e. they were generally whiter than the other samples. However, after 11 days no differences were observed when using metabisulphite test pouches. The slices stored into green tea test pouches (0.6 g/m2) gave higher average L* values than those of the blank samples at all control points. Gormley et al. matched the quality of mushrooms to the average L* value: L* > 86 represents good quality and L* > 80 corresponds to fair quality (Gormley, 1975; Guillaume et al., 2010). The L* histogram reported by the program Photoshop allows to easily determine the percentage of pixels in the image with L* values higher than any established threshold. Another histogram was created that shows how the portion of the image that keeps good quality (L* > 80) decreases over time. The tendencies observed were similar to the ones in L* value histogram being the test pouches with metabisulphite/citric acid the most favourable ones to keep the white colour of mushrooms after 4 and 8 days. Fig. 3 shows the results obtained for metabisulphite/citric acid (0.60/0.06 g/m2), green tea extract, cinnamon extract and purple carrot extract. Metabisulphite/citric acid (0.60/0.06 g/m2) gave
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Figure 2. Mushrooms stored with different antioxidant packaging after 0 and 8 days. Where: a) Blank, b) Sodium metabisulphite/citric acid (0.60/0.06 g/m2 in a paper), c) Green tea extract (0.12 g/m2 in a ﬁlm), d) Cinnamon essential oil (0.04 g/m2 in a ﬁlm) e) Liquid purple carrot (0.04 g/m2 in a ﬁlm).



similar results to blank samples after 4 days. After 8 days, cinnamon extract and green tea extract gave slightly better results than blank samples; but not as good results as metabisulphite test pouches. The antioxidant effect of green tea extract combined with vitamin E or cinnamon essential oil respectively was measured after 8 days. Fig. 3 clearly shows that combined antioxidants give similar effects as pure green tea extract. Fig. 4 shows the percentage of the surface of the mushrooms with fair quality (L* > 80) after 8 days for the active packages tested. The replicates are represented in a box-and-whisker plot with minimum and maximum values. The boxes represent the conﬁdence interval of the average value (a ¼ 0.05, n ¼ 10) and the length of the whiskers represents the minimum and maximum values observed with each kind of packaging. In addition, the median value as been included as a horizontal line crossing the box. In order to compare the populations of the experimental data (% of mushroom surface with L* > 80) gathered for each active packaging, Student t-tests were performed. The probability of having the same average value as the blank assay is annotated in the box. When this probability is below 5% (i.e. a ¼ 0.05), the data sets are usually considered different populations. In the case of the packaging with purple carrot extract (0.04 g/m2), the probability was 88%. Thus, the mushrooms whiteness was similar to that of the blank samples and purple carrot extract did not reveal sufﬁcient antioxidant effect after 8 days. In turn, the probability of coincidence for green tea extract (0.12 g/m2), green tea extract combined with vitamin E (0.14/0.4 g/m2) and GTE with cinnamon essential oil (0.04 g/m2)



Figure 3. Portion of the mushrooms surface with fair quality (L* > 80) after storage in different active packaging (normalised to the blank assay, %). Mushrooms were evaluated after 4 and 8 days of storage.



was 15%, 14%, 13%, respectively. It means that these antioxidants moderately extend the shelf-life of mushrooms. Green tea extract mixed with cinnamon essential oil (0.14/0.4 g/m2) gave a probability of 38%. These results mean that a larger number of replicates could give statistically signiﬁcant differences. Finally, a probability of 0.1% was obtained for sodium metabisulphite/citric acid (MBS/ CA) (0.6/0.06 g/m2) meaning that, without doubt, this packaging extended the shelf-life of white cut mushrooms.



3.2.3. Visual panel The quality of mushrooms was visually evaluated by a trained panel of 9 people, by means of a ranking test and a paired comparison test. Table 2 contains the results of the ranking test for the two most efﬁcient antioxidants. An average scoring of 40 evaluations was taken into account. After 1 and 4 days of storage, the mushrooms that had been stored in metabisulphite/citric acid (0.6/ 0.15 g/m2) test pouches scored better (1st day score: 2.1; 4th day score: 2.6) than the mushrooms that had been stored in blank test pouches (1st day score: 4.2; 4th day score: 5.2). No differences in the score were obtained between these two kinds of pouches after 7 or 11 days. Also, the mushrooms stored in green tea extract test pouches were scored slightly better than the mushrooms stored in blank test pouches, pointing out that the former looked fresher



Figure 4. Percentage of the surface of the mushrooms with fair quality after 8 days for the active packages tested. The percentage values of the replicates are shown as a boxand-whisker plot where the boxes represent the conﬁdence interval of the average (a ¼ 0.05, n ¼ 10) and the length of the whiskers represents the minimum and maximum values observed in each packaging. The number in the box is the probability of the population of experimental data to be the same as the data observed in the blank assay (non-active packaging).
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Table 2 Results of ranking test of blank, metabisulphite/citric acid (0.6/0.15 g/m2) and green tea extract (6 g/m2) test pouches. Average scoring of 40 evaluations. Day



food (Liu & Wang, 2012). In this case, the limit was not exceeded and the active packaging proposed herein complied with the European legislation on food safety.



Average scoring of 40 evaluations



1 4 7 11



Blank



Metabisulphite/citric acid (0.6/0.15 g/m2)



Green tea extract (6.0 g/m2)



4.2 5.2 5.8 5.2



2.1 2.6 5.3 6.0



4.7 4.3 4.2 5.6



than the latter. These results were conﬁrmed by paired comparison tests (Table 3). In this test, the number of positive votes that let to conclude that there were signiﬁcant differences (a ¼ 0.05) between samples was 30 or 27 with 45 or 40 total answers, respectively. Table 2 shows that testers preferred mushrooms contained into the packaging with metabisulphite/citric acid (0.60/0.15 g/m2) after 1 and 4 days of storage. After 7 and 11 days the evaluation panel did not preferred metabisulphite/citric acid (0.60/0.15 g/m2) test pouches. This was likely caused by the yellow spotting that appeared as result of too high concentration of sulphur dioxide released. In fact, when decreasing the citric acid concentration from 0.15 g/m2 to 0.06 g/m2, the yellow spotting did not happen so frequently and, therefore, testers preferred active package to blank samples even after 8 days of storage. Conversely, mushrooms that have been stored into green tea extract test pouches or purple carrot extract test poaches were not preferably chosen. Samples stored in cinnamon packaging were not chosen after 4 days, but they were chosen after 8 days of storage. This means that the visual panel members only differentiated the mushrooms stored in cinnamon packaging at the end of the expected shelf-life. This could be explained from the antimicrobial properties of the cinnamon essential oil. Since blotching caused by bacterial growth appears at the end of the shelf-life of sliced mushrooms, the effect of the antimicrobial packaging was noticed only after 8 days of storage. Photos in Fig. 2 show the slight colour of spots in the mushrooms stored in cinnamon essential oil packaging. 3.3. Packaging safety: determination of SO2 Sulphur dioxide was determined in the mushrooms that had been stored in metabisulphite/citric acid (0.6/0.06 g/m2) test pouches for 11 days, as it is explained in Section 2.3. No sulphur dioxide was detected in the samples of mushrooms (n ¼ 3), what means that either there was not sulphur dioxide in the samples, or its concentration was below the detection limit of the method (3.2 mg sulphur dioxide/g of mushrooms). According to the Regulation 10/2011/EU, the speciﬁc migration limit for sulphites incorporated into packaging material is 10 mg sulphur dioxide/g



4. Conclusions A novel active packaging approach that extends the shelf-life of packed fresh mushrooms has been studied herein. The active packaging exhibited antioxidant properties without being in direct contact to mushrooms. It is worth pointing out that developing a new active packaging for extending the freshness of white sliced mushrooms is not an easy task to achieve. Various obstacles and limitations can be mentioned, such as difﬁculties in ﬁnding an appropriate antioxidant that works comprehensively, is safe and can be incorporated into the packaging material without any problems. Nevertheless, the work here presented shows that it is feasible. The use of sulphur dioxide incorporated into the packaging improved the quality of mushrooms during their shelf-life. This improvement was supported by visual evaluation (photos), by measuring the mushroom whiteness and by the evaluation of consumers' acceptance from a trained panel. The ratio of citric acid to sodium metabisulphite was critical to maintain the white colour of fresh sliced mushrooms without yellowing the edge of the surface, which led to consumers' rejection. It was proved that sulphur dioxide was not present in the samples after the storage time, as its concentration was below 3.2 mg sulphur dioxide/g of mushrooms, which fulﬁls the European legislation. Other antioxidants were studied to provide antioxidant behaviour to the packaging: green tea extract (catechins), cinnamon essential oil and purple carrot extract (anthocyanins). Also green tea extract combined either with vitamin E or with cinnamon essential oil were investigated. Green tea extract at a concentration of 0.6 g/m2 maintained longer the white colour of mushrooms, but it showed no effect at a concentration of 0.12 g/ m2, which was the maximum concentration that could be incorporated in the active coating without losing the mechanical properties. Synergistic effect of green tea combined with other antioxidant was expected. However, the used mixtures showed similar antioxidant effect as pure green tea extract. Cinnamon essential oil showed opponent effects depending on the concentration: at high concentration, cinnamon essential oil caused the devastating appearance of burnt surface, whereas at low concentration, it showed appreciable positive results in reducing the bacterial blotching during the second-term of mushrooms shelf-life. Further work would be focused on the ﬁne tuning of the concentration of cinnamon essential oil in the active packaging. Finally, bilberry and purple carrot extracts did not show antioxidant properties, likely because they did not have enough antioxidant properties to protect mushrooms.
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