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Abstract

:

The aim of this study was to determine the effects of high CO2 with the constant O2 level on the postharvest quality of fig cv. Bursa Siyahi. For this purpose, the atmospheric compositions of 3% O2 + 10% CO2 (PA-1), 3% O2 + 15% CO2 (PA-2), 3% O2 + 20% CO2 (PA-3), and 21% O2 + 0.03% CO2 (RA) were tested under a palliflex controlled atmosphere (PA) storage system at 0°C for 28 days. At the end of the storage, weight loss increased during the storage period, but this increase slowed down in all tested PAs compared to RA. PA-1 and PA-2 delayed softening while PA-3 accelerated this process. There were no side effects in fruits stored under PAs for taste. The lowest total microorganism and decay rates were found in PA-2 and PA-3. The fig fruits stored under PAs had higher sugar and organic acid contents compared to the figs stored under the RA. Respiration rate decreased in all PAs compared to the RA. Ethylene productions increased with senescence in all atmospheres, but PA-3 inhibited this increase. Consequently, 15% CO2 (PA-2) can be used to maintain postharvest quality of Bursa Siyahi fresh fig for 28 days at 0 °C.
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1. Introduction


Turkey provides approximately 24% of the world total fig production with 320,000 tons [1]. A large part of this production is considered dried fruit; however, the demand for fresh consumption has shown an increasing trend in the past decade. Bursa Siyahi is the dominant fresh consumption cultivar and fresh fig exportation of Turkey is based on this cultivar. This cultivar is highly attractive and demanded due to its delicious taste, flavor, and biochemical properties as well as attractive colors [2]. However, it is highly perishable due to its delicate fruit characteristics such as soft fruit tissue, thin peel, and ostiole-end opening. The expected postharvest life of fresh fig is limited to generally one or two weeks in ambient atmosphere at 0 °C [3].



The most common postharvest problems of fresh fig are water loss, softening, peel cracking, ostiole leakage and internal/external decays. Fig fruit is extremely sensitive to various pathogens, such as Alternaria spp., Botrytis spp., Fusarium spp., Aspergillus spp., Penicillium spp., and Rhizopus spp. [2,4,5,6], that cause economic losses especially in shelf-life at high temperatures. Karabulut et al. [7] reported that postharvest losses can reach up to 30–50% in shelf-life following 5–7 days of cold storage or transportation, especially when fruits are harvested during the rainy season.



Controlled atmosphere (CA) storage including low O2 and high CO2 have positive effects to maintain fruit quality and disease control in many horticultural commodities [8]. On the other hand, extremely high CO2 levels may have an unfavorable effect on texture and promote off-flavor development [9]. Fresh fig fruit tolerates a high level of CO2 in the storage atmosphere like other berries. Colelli et al. [10] tested the atmosphere enrichment with 15 and 20% CO2 in the Mission fig variety at different storage temperatures for 28 days and highlighted that high CO2 levels decreased the decay incidence and increased postharvest life of figs up to 2–3 weeks. Lowering O2 levels can positively affect the postharvest quality of fresh fig as in high CO2 [11]. Tsantili et al. [12] reported that low O2 (2%) reduced O2 uptake, ethylene production and maintained firmness of Mavra Markopoulou fig fruit stored for 29 days at −1 °C. Regulating atmospheric compositions, especially in berry fruit including fig, provides positive response to high CO2 levels and can be used an alternative to a non-chemical approach to maintain postharvest quality of fresh fig during the storage, transportation, and marketing.



There were a few studies conducted with CA storage on different fresh fig cultivars. Türk et al. [13] tested CA storage of the Bursa Siyahi fig variety at 0 °C containing different CO2 and O2 levels (3% O2 + 3% CO2, 5% O2 + 5% CO2, 10% O2 + 5% CO2, 20% O2 + 2% CO2, and 0.03% O2 + 21% CO2). As a result of this study, CA storage containing 3% O2 + 3% CO2 and 5% O2 + 5% CO2 were recommended for the Bursa Siyahi fig cultivar for four weeks of storage due to their positive effects on overall external appearance and taste. Similarly, CA storage (6% O2 + 17% CO2) was also tested for the Brown Turkey, Kadota, and Mission fig varieties stored at 0 °C for 19 and 31 days. In this study, CA storage reduced and delayed the decay incidence for all cultivars [14]. In another study, Bahar and Lichter [15] studied different CA conditions (5, 10, 15% CO2 with 5% O2) on Ottomanit fresh fig. This study revealed that CA storage including 5% O2 and 5% CO2 maintained firmness, integrity, and decay control compared to the other atmospheric compositions and control.



Harvested fresh figs are generally stored under ambient atmosphere for up to two weeks. Storage duration can be prolonged up to four weeks under CA; however, this is not possible due to some challenges in practice. For example, loading the storage room and atmosphere adjustment take a long time due to the short harvest season and rapid fruit circulation after harvest. At this point, the palliflex storage system can be a solution to overcome these challenges in the storage of fresh fig. In this storage system, fruit are stored on a pallet basis, and the atmosphere of each pallet can be monitored and controlled independently. Higher CO2 levels combined with a low O2 level and the palliflex storage systems were not tested previously in this cultivar. For these reasons, this study was focused to investigate the effects of high CO2 levels with low O2 on the fruit quality of Bursa Siyahi fig cultivars stored under the palliflex storage system.




2. Materials and Methods


2.1. Fruit Material and Storage Experiment


Bursa Siyahi fresh fig fruit were harvested at fully colored (L*: 30.60; C*: 9.7; h°: 221.58) maturity stage from a commercial orchard in Kestel (Bursa, Turkey) (Figure 1). After harvest, the fruit were pre-cooled and then immediately transferred to the postharvest laboratory of Akdeniz University Antalya, Turkey, using a refrigerated truck at 0 °C. Then, the fruit without any visual defects were selected and used in the experiment.



For establishment of different atmospheric compositions in the palliflex system, fruit were divided into four groups. The first group of fruit was stored in 3% O2 + 10% CO2 (PA-1), the second group was stored in 3% O2 + 15% CO2 (PA-2), the third group was stored 3% O2 + 20% CO2 (PA-3), and the last group was stored in 0.03% CO2 + 21% O2 (regular atmosphere (RA)). Then, all groups of fruit were stored at 0 °C with 90–95% RH for 28 days and sampled at 0, 7, 14, 21, and 28 days of storage. Palliflex storage system specially designed for laboratory scale was used for storage. For this purpose, a 12 m2 cold room was designed to include 10 pallets with a computer-controlled system. The desired atmosphere conditions in the pallets were set up by a flow-through system, mixing N2, CO2, and air via pressure regulators. The atmosphere composition in the pallet was adjusted to the desired level within 15 min. The O2 and CO2 levels in each pallet were automatically controlled and monitored by a computer system (My Fruit Light, Van Amerongen CA Technology B.V., The Netherlands) for 1 h interval to ensure the proper composition.




2.2. Quality Analyses


The fruit were marked and weighed at the beginning of the experiment to determine an initial weight. They were then weighed at the end of each storage time, and the results were calculated as the percent loss from the initial weight. The firmness of fruit was determined by using a penetrometer (Chatillon DFI 10, Largo, FL, USA), measuring the peeled equatorial region on three different sides of the fruit. Fruit firmness was shown as average of these measurements and results were given as Newton (N). To determine the total soluble solids (TSS), fruit samples were homogenized for 5 min by using a hand blender and a 10 g sample was added to 40 mL distilled water and the mix was homogenized for 2 min. Extracts were centrifuged at 3000× g for 5 min at 20 °C (Sigma 2-16K, Osterodo am Harz, Germany). The amount of TSS content was measured by a digital refractometer (HI96801, Hanna, Rhode Island, USA) and the findings were represented as a percentage (%). The purees were diluted ten times with distilled water and used to measure titratable acidity (TA) according to the method described by Bahar and Lichter [15]. The TA was expressed as a percentage of citric acid. For taste evaluation, six panelists (three men and three women, 25–50 years old) tasted fruit, and the data were categorized using a five-point hedonic scale described by Selcuk and Erkan [16]. Decay incidence was recorded by counting the number of fruits with visible symptoms and expressed as a percentage of total fruits. The total microorganisms were examined according to the method described by Cantín et al. [5]. To measure the total microorganism, 1 cm2 pieces were taken from the surface of the fruits and put into microtubes. Then, 1 mL of sterile water was added onto the samples, and they were vortexed for 30 s and 100 µL of the suspension was placed in a Petri dish containing potato dextrose agar (PDA) medium. Microorganisms were counted after incubation for 5 days at 25 °C. The respiration rate and ethylene production of fruit were determined by using a gas chromatography (GC) equipped with thermal conductivity and flame ionization detectors (Thermo Electron S.p.A., Strada Rivoltana, Milan, Italy). To determine respiration rate, 500 g fruit for each treatment was placed in 3 L gas tight jars that were specially designed with a cover seal for an hour at 20 °C. A 1 mL gas sample was taken out from head space of jars with gas-tight syringe and injected into thermal conductivity detector of the system. The calibration was done by using external CO2 standard (1000 ppm). GC conditions were as follows: Supelco 80/100 alumina F1 column, 65 °C oven temperature, 35 °C detector temperature, 45 mL min−1 hydrogen flow, 400 mL min−1 dry air flow during the 4 min analysis time. The GC was calibrated with external ethylene standard (25 ppm) for ethylene production. Then, similarly, 1 mL gas sample injected to flame ionization detector following GC conditions: GS-GasPro 113-4362 capillary column, 130 °C oven temperature, 275 °C detector temperature, 35 mL min−1 hydrogen flow, 350 mL min−1 dry air flow during the 2 min analysis time.



Respiration rate and ethylene production were calculated using Equation (1):


  R e s p i r a t i o n   r a t e   o r   e t h y l e n e   p r o d u c t i o n = A ×    V j  −  V p    /   t × g    



(1)




where A is the sample area (ppm)/standard area (ppm), Vj is the jar volume (L), Vp is the product volume (L), t is the time (hour) and g is the fruit weight (kg).



The contents of sugar (glucose and fructose) and organic acid (citric and malic) were determined using the same extracts. For this purpose, fruit were crushed with hand blender and 5 g of sample was immersed in 45 mL of distilled water and homogenized with an ultraturrax (T-25, Ika-Labortechnik, Staufen, Germany). This mixture was extracted for 30 min in an ultrasonic water bath at 40 °C. The samples were centrifuged at 4000× g for 5 min at room temperature after incubation. Finally, the supernatant was put into vials after passing through a 0.45 µm membrane filter (Macherey-Nagel, Düren, Germany). The sugar contents were determined according to a method described by Sturm et al. [17] using high performance liquid chromatography (HPLC) (Shimadzu, LC-20 AD, Kyoto, Japan) equipped with Refractive Index Detector (RID). The analysis was carried out using a Rezex RCM-monosaccharide column (300 × 7.8 mm; Phenomenex, Torrance, CA, USA) with a flow of 0.6 mL min−1, and column temperature was maintained at 65 °C. Twice distilled water was used as mobile phase. Organic acids were determined using ICE ORH-801-organic acid column (300 × 6.5 mm, Transgenomics, Ohama, USA) with a flow 0.6 mL min−1, and column temperature was maintained at 65 °C. For the mobile phase, 0.125 mM H2SO4 was used.




2.3. Experimental Design and Statistical Analysis


The experiment was conducted using completely randomized design with three replicates, and each replication included 22 fruits. The data were analyzed by using the SAS 9.0 statistical software (SAS Inst., Cary, NC, USA) and means were compared using Duncan’s multiple range test (p ≤ 0.05). A comparison of taste scores was performed using a nonparametric ANOVA and multiple comparison of Kruskal–Wallis test (p ≤ 0.05).





3. Results and Discussion


3.1. Weight Loss


Weight loss gradually increased with storage time in all atmospheric compositions. Minimum weight loss was determined in PA-1 (2.68%) followed by PA-2 (2.73%), PA-3 (3.00%), and RA (3.64%) after 28 days of cold storage (Figure 2).



These findings clearly illustrated that storage atmospheres except for RA have positive effects to inhibit weight loss; however, there were no statistical differences among atmospheric compositions. The potential of CA storage including low O2 and high CO2 level is effective in preventing weight loss due to its slowdown effects on fruit metabolism [8]. Similarly, CA storage slowed down weight loss compared to control in the Ottomonit fig variety stored for 30 days. Although the weight loss reached 14.4% in control fruit, 5% O2 + 5% CO2 limited this weight loss in 4.4% [15]. Considering the previous studies, it can be said that the palliflex storage system for fig fruit inhibited weight loss compared to RA. This inhibiting effect can be caused by cultivar, maturity stage, and the pallet cover, which is not permeable to water and gas.




3.2. Fruit Firmness


Fruit firmness is an extremely important characteristic for consumers’ acceptance of fig fruit, and the soft ones are generally preferred by consumers; however, too-soft fruit may not be appropriate for handling and transportation. The initial fruit firmness was 6.18 N at harvest. Fruit firmness gradually decreased with storage time in all atmospheric compositions. During the first 7 days of storage, PA-1 and PA-2 maintained firmness while PA-3 and RA stored fruit softened faster (Figure 3). At the end of the storage, the highest decrease in firmness reached up to 52.3% in PA-3 followed by 46.8% in RA in comparison to initial firmness. The highest fruit firmness was determined in PA-1 (3.82 N) and PA-2 (3.37 N) at the end of the storage. Fruit softening is linked to cell-wall carbohydrate metabolism and pectin substrate, and the polygalacturonase (PG) enzyme is important in this process [18]. A similar mechanism has also been molecularly revealed in fig fruit [19]. Teixeira et al. [20] reported that CA storage with 5% O2 and 20% CO2 increased fruit softening in guava fruit during 28 days of storage.



This situation was explained by a negative correlation between high CO2 and solubilization of pectic compounds. Villalobos et al. [21] stated that fruit softening varies according to the atmospheric compositions, and modified atmosphere packaging (MAP) slowed softening in the Cuello Dama Blanco, Cuello Dama Negro, and San Antonio fig cultivars. Similarly, an atmosphere of 5% CO2 is more effective than 10% and 15% CO2 to delay softening in Ottomonit fig [15]. On the other hand, there were no significant differences between the atmospheric compositions (RA and 6% O2 + 17% CO2) on the firmness of Brown Turkey and Kadota, while a significant effect was found in Mission fig [14].




3.3. Decay Rate and Total Microbial Count


Fresh fig is a highly perishable fruit due to its pomological characteristics, and the postharvest decay rate can reach up to 50% in a short period of time under unfavorable storage conditions. Therefore, most fig fruits are generally consumed as fresh in regions close to the producing areas. Fresh figs are highly affected by pathogens, especially in unsuitable storage conditions [22]. Successful postharvest management in fresh fig is dependent on avoiding mechanical damage and as rapidly as possible getting into the cooling chain. In this study, the palliflex storage was highly efficient to control deterioration during the first 2 weeks of storage and there was no decay observed. After this period, the decay rate was lower on the fruit stored at different atmospheric compositions compared to fruit stored RA. In both 21 and 28 days of storage, the highest decay rate was on the fruit stored under RA. Microbial activity increased during the storage in all atmospheres and the highest total microbial count was recorded on the fruit stored under RA with 14.87 cfu mL−1. However, PA-2 and PA-3 were found highly effective to control microbial count (Table 1). Fungal decay caused by some pathogens such as Alternaria spp., Botrytis spp., Fusarium spp., Aspergillus spp., Penicillium spp., and Rhizopus spp. [2,4,5] is the main cause of rapid and extensive postharvest losses in fresh fig. Lowering O2 and increasing CO2 level are known as an effective treatment to control anaerobic and aerobic microbial growth due to their toxicity effects. The efficiency of inhibition by high CO2 on microorganisms has also been reported for strawberries [23].



Many studies have revealed that CA storage can inhibit decay development and microbial count during the storage. Serradilla et al. [24] reported that 5% O2+ 10% CO2 and 8% O2 + 10% CO2 inhibited the growth of bacteria and molds in cherries stored for 15 days. Colelli et al. [10] reported that 15 and 20% CO2 enriched atmospheres resulted in reduction of decay incidence in Black Mission fig. The inhibition effects of modified atmosphere with low O2 and high CO2 on decay incidence and microbial count were also observed on fresh fig [25]. Similarly, microperforated films delayed fungal deteriorations and physiological disorders in San Antonio and Banane figs [26]. In other studies, it was reported that the low O2 level can maintain firmness and decrease respiration and ethylene production, and thus control the deterioration of fresh figs during storage [11,12].




3.4. Total Soluble Solids (TSS), Titratable Acidity (TA) and Taste


The effects of different atmospheric compositions and storage times on the total soluble solid content (TSS) were found statistically significant (p ≤ 0.05). The TSS contents of fresh fig on the 14th day in storage were higher than their initial value at harvest (Table 2). However, TSS content decreased during the storage period due to the fruit senescence and respiration. At the end of the storage, PA-1 and PA-2 had higher TSS content compared to other storage atmospheres (Table 2). A similar trend was also reported for long-term storage of Bursa Siyahi fig fruit during CA storage at 0 °C [13]. Villalobos et al. [26] reported that fruits covered with microperforated film, which can provide a low O2 high CO2 atmosphere, resulted in higher TSS content than control treatment due to decreasing respiration rate and delaying ripening. Titratable acidity (TA) also showed fluctuations during the storage period. Palliflex storage atmospheres (PA-1, PA-2 and PA-3) provided a slight increase in TA content during the first 14 days of storage while RA did not show any changes. After this storage period, TA content decreased in all storage atmospheres. At the end of storage, TA contents in the PA-2 (0.25%) and PA-3 (0.25%) atmospheres were higher than PA-1 (0.23%) and RA (0.19%) stored fruit. After comparison to the initial TA content, it can be clearly said that there were no changes on the fruit stored in PA-2 and PA-3. In a study, chitosan-coated fresh fig had higher TA content than the uncoated fruit due to the effects, which create a gas barrier around the fruit and so slow down metabolism [27]. On the other hand, low O2 and high CO2 caused no off flavor and they provided more stable taste than the fruit stored in RA. Fruit stored under controlled atmospheres had a higher taste score than the fruit under RA after 7 days of cold storage; however, there were no significant differences among PA-1, PA-2, and PA-3. The taste score of the fruit stored in RA decreased after 14 days of storage while the taste score of fruit stored in PA-3 decreased at the end of the storage. PA-2 and PA-1 maintained their initial taste score during the storage period. Waghmare and Annapure [28] reported that irradiation and MAP (5% O2 + 10% CO2) and their combinations positively affected the taste of Poona fig fruit stored at 5 °C for 15 days.



Similarly, Ayhan and Karacay [29] reported that active MAP, including 20% CO2 with low and high O2, had a higher taste score and overall appearance in Bursa Siyahi fig fruit compared to the control. MAP was effective to maintain initial taste and texture in Black Mission fig at both 1 °C and 25° C [30].




3.5. Sugar and Organic Acid Contents


The fructose is the major sugar in fresh fig followed by glucose and sucrose. At harvest, the fructose and glucose contents of fig fruit were determined as 9.65 and 7.43 g 100 g−1, respectively (Table 3). Similarly, Çalişkan and Polat [31] reported that fructose and glucose are the dominant sugars in fresh fig fruit grown in the Mediterranean basin. Fructose and glucose content gradually increased during the first 14 days of storage in all atmospheres and then decreased at the end of storage. The fructose contents of the fig fruit stored under PA-1 and PA-3 were higher than the fruit stored under PA-2 and RA. While glucose content of the fruit stored under RA did not change at 7 and 14 days of cold storage, the glucose contents of fruits stored under different atmospheres increased after 7 days of storage. After this period, glucose content decreased on the 14th and 21st days, depending on atmospheric compositions. At the end of 28 days of storage, the glucose contents of the fruit stored under atmospheric compositions were higher than RA; however, no statistical differences were found among the atmospheric compositions. In this study, sugar content first increased and then decreased. This decrease can be the result of senescence and sugar used in respiratory metabolism. The glucose and fructose contents can show different patterns based on cultivars, maturity stage, and storage conditions. Fructose and glucose content increased during the 30 days of cold storage at 0.5 °C plus 1 day at 20 °C in Masui Dauphine and Banane fig cultivars, whereas Bongresi showed similar pattern with our results [32].



Citric and malic acids are the most abundant organic acids in fig fruit. There were no significant differences among the atmospheric compositions during the 7, 14, and 21 days of storage. At the end of the 28 days of storage, the highest citric acid content was found in PA-2 and PA-3, whereas the lowest citric acid was in RA. Malic acid content showed fluctuation during the storage period. It decreased in PA-1 and RA compared to their initial concentration at harvest; however, malic acid content in PA-2 and PA-3 did not change during the storage period. At the end of the storage, the highest malic acid content was in PA-2 and the lowest was in RA. Trad et al. [33] reported that citric acid is the most abundant organic acid following malic acid in fresh fig fruit as determined in this study The decrease in malic and citric acid contents of medlar fruit was significantly prevented by CA storage [16].




3.6. Respiration Rate and Ethylene Production


The respiration rate of fresh fig at harvest was 37.38 mL CO2 kg−1 h−1 and sharply decreased in all storage atmospheres after 7 days of storage (Figure 4a). This situation can be the result of low temperature effects on the respiration rate. Allegro et al. [34] reported that the initial respiration rate of Dottato figs was 28.0 ± 2.5 mL CO2 kg−1 h−1 and decreased to 6.8 ± 1.8 mL CO2 kg−1 h−1 in the fruit stored at 4 °C after 72 h. A similar decreasing trend after storage was also reported in fig fruit belonging to the cultivars Cuello Dama Blanco, Cuello Dama Negro, and San Antonio [21]. In this study, at the 14th and 21st days of storage, the highest respiration rate was found in the fruit stored in RA, while the lowest rates were found those stored in PA-1 and PA-2. At the end of the storage period, fig fruit stored under different atmospheric compositions had lower respiration rates compared to the fruit stored in RA; however, there were no significant differences among the PA-1, PA-2, and PA-3.



The ethylene production of the Bursa Siyahi fig fruit was 1.35 µL C2H4 kg−1 h−1 and increased after 7 days of storage in all tested atmospheres (Figure 4b). While the highest ethylene production was in fruit stored at RA (2.2 µL C2H4 kg−1 h−1), the lowest was in PA-2 and PA-3 (1.78 and 1.73 µL C2H4 kg−1 h−1), respectively. After 14 and 21 days of storage, ethylene production slightly decreased. At the end of the storage, ethylene productions increased with senescence in all atmospheres, but PA-3 inhibited this increase.



In previous studies, it was reported that CA storage slowed down respiration rate and ethylene production in strawberry [35] and blueberry [36]. Modified atmosphere decreased respiration rate and ethylene production, and thus storage life extended [37]. In other studies, enriched CO2 levels suppressed ethylene production in Masui Dauphine [38] and Mission [10] fig cultivars.





4. Conclusions


Fresh fig has a limited postharvest life and commonly suffers from diseases, softening, and weight loss. A high level of CO2 has been effective in preventing weight loss, decay development, and micro-organism growth in figs as well as slowing down metabolic activities such as respiration rate and ethylene production. However, an atmosphere containing 3% O2 + 20% CO2 accelerated the softening. It was concluded that a 3% O2 + 15% CO2 containing atmosphere can be used to maintain postharvest fruit quality and to ensure reduced product loss in the Bursa Siyahi fig cultivar under palliflex storage. Depending on pre- and postharvest factors, fig varieties give different responses to atmospheric compositions. For this reason, the biochemical properties and molecular mechanisms of the fig fruit stored under variable atmospheric composition should be investigated in the future.
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Figure 1. Skin (a) and flesh (b) color of fig fruit (cv. Bursa Siyahi) at harvest stage. 
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Figure 2. Effects of different atmospheric compositions on fruit weight loss in fresh fig cv. Bursa Siyahi. Different uppercase letters indicate significant differences for each atmosphere composition during storage and different lowercase letters indicate significant differences between atmosphere compositions for each sampling date at p ≤ 0.05 by Duncan’s multiple range test. Data are the mean ± SE of three replicates. PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2. 
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Figure 3. Effects of different atmospheric compositions on fruit firmness in fresh fig cv. Bursa Siyahi. Different uppercase letters indicate significant differences for each atmosphere composition during storage and different lowercase letters indicate significant differences between atmosphere compositions for each sampling date at p ≤ 0.05 by Duncan’s multiple range test. Data are the mean ± SE of three replicates. PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2. 
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Figure 4. Effects of different atmospheric compositions on respiration rate (a) and ethylene production (b) in fresh fig cv. Bursa Siyahi. Data are the mean ± SE of three replicates. PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2. 
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Table 1. Effects of different atmospheric compositions on decay rate and microbial count of fresh fig fruit (cv. Bursa Siyahi).
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Atmospheric Compositions

	
Tested Parameters

	
Storage Time (days)




	
0

	
7

	
14

	
21

	
28






	
PA-1

	
Decay rate (%)

	
**

	
**

	
**

	
6.06 bB

	
18.18 bA *




	
PA-2

	
**

	
**

	
**

	
7.58 bB

	
13.64 bcA




	
PA-3

	
**

	
**

	
**

	
1.52 cB

	
9.09 cA




	
RA

	
**

	
**

	
**

	
18.18 aB

	
30.30 aA




	
PA-1

	
Microbial count (cfu)

	
0.95 aE

	
2.60 bD

	
7.16 bC

	
9.47 bB

	
12.12 aA




	
PA-2

	
0.95 aB

	
2.78 bB

	
5.60 cA

	
6.16 cA

	
7.13 bA




	
PA-3

	
0.95 aD

	
2.68 bC

	
6.22 cB

	
5.63 cB

	
8.90 bA




	
RA

	
0.95 aE

	
6.66 aD

	
9.77 aC

	
11.85 aB

	
14.87 aA








* Different capital letters show significant differences for each composition during storage and different lowercase letters show significant differences among compositions for each sampling date at p < 0.05 by Duncan’s multiple range test. ** No decay was observed. PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2.
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Table 2. Effects of different atmospheric compositions on total soluble solid (TSS), titratable acidity (TA), and taste 1 of fresh fig fruit (cv. Bursa Siyahi).
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Atmospheric Compositions

	
Tested Parameters

	
Storage Time (days)




	
0

	
7

	
14

	
21

	
28






	
PA-1

	
TSS (%)

	
15.03 aB

	
15.07 abB

	
16.50 aA

	
13.83aC

	
12.83 abD *




	
PA-2

	
15.03 aB

	
14.63 bBC

	
16.17 abA

	
14.17 aCD

	
13.73 aD




	
PA-3

	
15.03 aB

	
14.83 bB

	
15.90 abA

	
12.77 bC

	
12.53 bcC




	
RA

	
15.03 aB

	
15.67 aA

	
15.50 bAB

	
11.67 cC

	
11.73 cC




	
PA-1

	
TA (%)

	
0.24 aBC

	
0.26 bB

	
0.28 aA

	
0.24 bBC

	
0.23 bD




	
PA-2

	
0.24 aB

	
0.28 aA

	
0.29 aA

	
0.25 aB

	
0.25 aB




	
PA-3

	
0.24 aB

	
0.29 aA

	
0.28 aA

	
0.26 abBC

	
0.25 aBC




	
RA

	
0.24 aA

	
0.25 bA

	
0.24 bA

	
0.21 cB

	
0.19 cB




	
PA-1

	
Taste 1

	
5.00 aA

	
5.00 aA

	
4.94 aA

	
4.83 aA

	
4.67 aA




	
PA-2

	
5.00 aA

	
5.00 aA

	
4.94 aA

	
4.83 aA

	
4.67 aA




	
PA-3

	
5.00 aA

	
5.00 aA

	
4.89 aAB

	
4.78 aAB

	
4.61 aB




	
RA

	
5.00 aA

	
4.67 bA

	
3.89 bB

	
3.61 bB

	
3.50 bB








* Different capital letters show significant differences for each composition during storage and different lowercase letters show significant differences among compositions for each sampling date at p ≤ 0.05 by Duncan’s multiple range test. 1 The taste analysis was conducted on the base of a 5-point hedonic scale, where: 1 = very poor (not marketable); 2 = poor (limit of acceptability); 3 = good; 4 = very good; 5 = excellent. The means of taste score were compared by Kruskal–Wallis test (p ≤ 0.05). PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2.
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Table 3. Effects of different atmospheric compositions on fructose, glucose, citric and malic acid content of fresh fig fruit (cv. Bursa Siyahi).
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Atmospheric

Compositions

	
Tested Parameters

	
Storage Time (Days)




	
0

	
7

	
14

	
21

	
28






	
PA-1

	
Fructose

(g 100 g−1)

	
9.65 aA

	
8.09 bB

	
9.85 aA

	
7.69 aB

	
8.08 aB *




	
PA-2

	
9.65 aA

	
10.29 aA

	
9.43 aA

	
6.52 bB

	
6.49 bB




	
PA-3

	
9.65 aA

	
9.91 aA

	
8.06 bB

	
7.14 abB

	
7.86 aB




	
RA

	
9.65 aA

	
8.41 bB

	
9.03 abAB

	
6.49 bC

	
6.43 bC




	
PA-1

	
Glucose

(g 100 g−1)

	
7.43 aB

	
8.38 bcA

	
8.02 aA

	
5.92 aC

	
5.72 aC




	
PA-2

	
7.43 aB

	
10.22 aA

	
7.66 aB

	
5.32 aC

	
5.58 aC




	
PA-3

	
7.43 aB

	
9.44 abA

	
6.47 bC

	
5.98 aC

	
5.42 abD




	
RA

	
7.43 aA

	
7.34 cA

	
7.92 aA

	
5.52 aB

	
5.19 bB




	
PA-1

	
Citric acid

(mg 100 g−1)

	
340.8 aA

	
343.0 aA

	
354.6 aA

	
345.3 abA

	
324.8 bA




	
PA-2

	
340.8 aA

	
350.7 aA

	
363.3 aA

	
372.7 aA

	
359.4 aA




	
PA-3

	
340.8 aB

	
344.3 aB

	
348.5 aAB

	
373.3 aA

	
351.3 abAB




	
RA

	
340.8 aA

	
356.8 aA

	
327.3 aA

	
324.3 bA

	
266.3 cB




	
PA-1

	
Malic acid

(mg 100 g−1)

	
161.0 aC

	
180.5 aB

	
195.5 aA

	
158.0 aC

	
139.7 bD




	
PA-2

	
161.0 aC

	
171.8 aBC

	
193.0 aA

	
178.2 aB

	
168.9 aBC




	
PA-3

	
161.0 aBC

	
175.3 aB

	
194.4 aA

	
170.2 aB

	
149.7 bC




	
RA

	
161.0 aB

	
176.5 aA

	
180.8 bA

	
163.6 aB

	
122.4 cC








* Different capital letters show significant differences for each composition during storage and different lowercase letters show significant differences among compositions for each sampling date at p ≤ 0.05 by Duncan’s multiple range test. PA-1: 3% O2 + 10% CO2; PA-2: 3% O2 + 15% CO2; PA-3: 3% O2 + 20% CO2; RA: 21% O2 + 0.03% CO2.
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