

  horticulturae-06-00020




horticulturae-06-00020







Horticulturae 2020, 6(2), 20; doi:10.3390/horticulturae6020020




Article



Sulphur Dioxide Pads Can Reduce Gray Mold While Maintaining the Quality of Clamshell-Packaged ‘BRS Nubia’ Seeded Table Grapes Grown under Protected Cultivation



Khamis Youssef 1,*[image: Orcid], Osmar Jose Chaves Junior 2, Débora Thaís Mühlbeier 2[image: Orcid] and Sergio Ruffo Roberto 2,*[image: Orcid]





1



Agricultural Research Center, Plant Pathology Research Institute, 9 Gamaa St., Giza 12619, Egypt






2



Agricultural Research Center, Department of Agronomy, Londrina State University, Londrina 86057-970, PR, Brazil









*



Correspondence: youssefeladawy@yahoo.com (K.Y.); sroberto@uel.br (S.R.R.)







Received: 3 March 2020 / Accepted: 30 March 2020 / Published: 1 April 2020



Abstract

:

The purpose of this research is to test the efficacy of different types of SO2-generating pads on the incidence of gray mold, and on the physicochemical properties of quality of ‘BRS Nubia’ seeded table grapes grown under protected cultivation. Four types of SO2-generating pads, 5 or 8 g of sodium metabisulfite dual release pads, and 4 or 7 g of sodium metabisulfite slow release pads, were used. Grapes bunches were harvested from a vineyard covered with plastic mash and stored in a cold room at 1 ± 1 °C for 45 days followed by 6 days of shelf life at 22 ± 1 °C at a high relative humidity (>95%). The results showed that SO2-generating pads with a dual release of 5 or 8 g completely inhibited the development of gray mold at all evaluation times. Also, a high reduction of the disease incidence was achieved by using a slow release of 4 g. The study confirmed that SO2-generating pads did not alter the physicochemical properties of ‘BRS Nubia’ seeded table grapes including mass loss, berry firmness, color index, total anthocyanin concentration, total soluble solids (TSS), titratable acidity (TA), and the TSS/TA ratio. Slow release pads at 4 and 7 g reduced the percentage of shattered berries by 56 and 48% as compared to control only after 6 days of shelf life. Also, all types of SO2-generating pads reduced the stem browning score at the end of cold storage. The 5 or 8 g dual release pads and 4 g slow release pads can be considered for effective controlling of gray mold for ‘BRS Nubia’ table grapes grown under protected cultivation while maintaining grape quality.
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1. Introduction


The worldwide harvested area of grapes is estimated to be around 7,157,658 ha with a production of 79,125,982 metric tons. The Brazilian grape industry accounts for about 74,472 ha of harvested area, producing almost 1,591,986 metric tons [1]. ‘BRS Nubia’ (Vitis sp.) is a new black hybrid seeded table grape grown in the tropical and subtropical areas that requires less labor to cultivate and has a high yield, large berries, and uniform color [2]. This cultivar was obtained by crossing ‘Michele Palieri’ and Arkansas 2095 grapevines and has the capability of drawing the attention of customers from internal and external markets, since there is a large demand for table grapes for extended periods throughout the year globally [2,3]. ‘BRS Nubia’ is commonly trained on an overhead trellis system protected by a black screen with 18% shading.



During cold storage and shelf life periods, table grapes face severe postharvest problems including gray mold [4,5]. This disease is caused by Botrytis cinerea and causes huge losses on grapes worldwide, even when grapes are packaged in clamshells [6,7,8]. The control of gray mold is not easy, since postharvest applications with chemical fungicides are not allowed in many countries. As a standard preharvest treatment, fungicides such as iprodione, boscalid, chlorothalonil, captan, mancozeb, procymidone, pyrimethanil, and thiophanate-methyl are commonly used to prevent gray mold of table grapes [6,9,10]. As a postharvest treatment, the use of SO2-generating pads during cold storage is commercially implemented to manage gray mold of table grapes [11]. Dual release SO2 generators inside the boxes have been commonly used for grape storage and transportation for periods up to two months [7,12,13]. Grape exporters are always worried about limited long-distance transport of fresh grapes, especially when intensive production occurs in subtropical areas where two crops per year is possible. In this case, grapes can be harvested during situations highly favorable for the development of gray mold disease. The main importers of grapes, such as the EU and USA, established tolerance rates for the use of SO2 in postharvest control.



The effectiveness of common packaging methods such as plastic bags or carton boxes on the quality of grapes has been extensively evaluated [14,15]. Nowadays, the use of clamshells has become a consequential approach for packaging of table grapes for domestic and overseas markets in a professional way to offer fresh grapes of better quality to consumers. As ‘BRS Nubia’ is a new hybrid table grape, there is no available data regarding the behavior of this cultivar packaged in vented clamshells during cold storage and shelf life periods in terms of gray mold incidence and grape quality, especially when vines are grown under protected cultivation. Under this situation, pathogens may find different conditions than in open-field production systems, and different postharvest techniques may be required. In this perspective, the aim of this work was to investigate the effect of different types of SO2-generating pads on the incidence of gray mold and on physicochemical properties of ‘BRS Nubia’ seeded grapes grown under protected cultivation and packaged in clamshells.




2. Materials and Methods


2.1. Cultivar and Materials Used


‘BRS Nubia’ (Vitis sp.) seeded table grapes were harvested from a commercial vineyard located in Marialva, State of Parana, Brazil. The vines were 7 years old and were trained on an overhead trellis system under protected cultivation using a plastic black mesh with 18% shading. This area was chosen since it has a historical incidence of gray mold disease. At harvest, the total soluble solids (TSS) content of the grapes was 16.2 °Brix. Four types of SO2-generating pads (Uvas Quality Grape Guard, Suragra S.A., San Bernardo, Chile) were used: (i) Slow-release pad having 4 g of sodium metabisulfite (SM) was prepared with coextruded polymer film; (ii) slow-release pad containing 7 g of SM was prepared with two polymer films including SO2 in a solvent-free wax matrix; (iii) dual-release pad having 5 g of SM was prepared with extruded polymer film and 100% virgin paper pulp (VPP) obtained by a mechanical procedure, with amount of fast and slow phases of 1 and 4 g of SM, respectively; and (v) dual-release pad containing 8 g of SM prepared from coextruded paper with polyethylene and 100% (VPP), with fast and slow release phases of 1 and 7 g of SM, respectively. Macroperforated liners (MLs) with 0.3% of ventilation area (Suragra S.A., San Bernardo, Chile), and vent holes (70 × 90 mm), were used for all treatments including the control. Those macroperforated liners were prepared with high-density plastic and master batch (95 × 65 cm) and 12 µm thickness.




2.2. Treatments


Grape bunches free from any disorders or visual symptoms were chosen and arranged according to bunch size and shape. Grapes were accommodated in 20 × 10 cm vented clamshells (10 holes distribution) with around 0.5 kg capacity. Clamshells were wrapped in MLs (0.3% ventilation area). Then ten clamshells were located inside corrugated carton boxes (100 × 60 × 40 cm each). On the base, a unilaminar sheet of moisture-absorbing paper (33 × 46 cm dimension and 50 g m−2 density) was located. For each carton box, a SO2-generating pad was placed over the clamshells. Five treatments were arranged according to the SO2-generating pad used as follow: (i) Slow release 4 g SM; (ii) slow release 7 g SM; (iii) dual release 5 g SM; (iv) dual release 8 g SM; and (v) control treatment. All bunches were treated before harvest with iprodione at 0.2% three times during the season as commonly used by grape growers in the region. A completely randomized design including five treatments and four replicates of each was used. Each replicate consisted of 10 clamshells totaling 40 clamshells per each treatment.




2.3. Storage and Assessments


All carton boxes were stored in a cold room at 1 ± 1 °C for 45 days followed by 6 days of shelf-life at 22 ± 1 °C and high RH (>95%). MLs, absorbent paper sheets, and SO2-generating pads were removed from the boxes at the end of cold storage. Gray mold incidence (%) was evaluated at 30 days of cold storage (DCS), 45 DCS, 3 days of shelf life (DSL), and 6 DSL according to the following formula: Disease incidence (%) = (number of affected berries/total of berries) × 100 [4]. At the end of cold storage (45 DCS) and at the end of shelf life (6 DSL), mass loss (%), shattered berries (%), stem browning, berry firmness (N), TSS, titratable acidity (TA), and TSS/TA ratio and color index (CIRG) were evaluated according to Ahmed et al. (2019) [15] and Chaves Junior et al. (2019) [8]. Also, total anthocyanin concentration was evaluated only at the end of shelf life (6 DSL) following the methods of Shahab et al., (2019) [16].



Mass loss (%) was calculated by weighing the grape bunches at the initial time of storage and at the examined time [17]: Loss of mass (%) = (initial mass-mass at examined date/initial mass) × 100. Shattered berries were evaluated as: Shattered berries (%) = (number of shattered berries inside the clamshells/total number of berries) × 100. Stem browning was measured throughout by a visual scoring system assessment according to Ngcobo et al. (2012) [18]: (1) fresh and green, (2) some light browning, (3) significant browning, and (4) severe browning. Berry firmness was determined using a texture analyzer TA.XT plus (Stable Micro Systems, Surrey, U.K.) with a cylindrical probe (35mm diameter, P35). Berries placed on the stainless steel platform were compressed in their equatorial diameter at 1 mm s−1 (probe speed), and firmness was measured as the force (N) needed to deform the berry by 20% at its equatorial diameter, according to Lijavetzky et al., (2012) [19].



To evaluate TSS, TA, and TSS/TA ratio, 40 berries were collected from each treatment and analyzed following the methods of Youssef et al., (2019) [5]. The berry color was investigated according to Carreño et al., (1995) [20] using a colorimeter CR-10 Plus (Konica-Minolta®, Tokyo, Japan) to get the following variables from the equatorial portion of grape berries (n = 2 per berry): L* (lightness), C* (chroma), and ho (hue angle). The color index for red grapes (CIRG) was calculated following the formula CIRG = (180 − ho)/(L* + C*). Forty berries were collected to be analyzed from each treatment.



For total anthocyanin concentration, 3 g of berry skin were used from each plot, gently separated from the flesh using a sterile blade, and washed with distilled and deionized water. Skins were dried and added to 30 mL of acidified methanol (HCl 1% + methanol 99%) and left in the dark for 48 h. Total anthocyanin content was evaluated at 520 nm using a spectrophotometer (Genesys™ 10S UV-VIS®, Thermo Scientific, Waltham, MA, USA), and the results were expressed as mg of total anthocyanins of malvidin-3-glucoside per g of berry skin (mg/g) [16].




2.4. Statistical Analysis


Data were processed statistically for ANOVA (one-way analysis of variance) using Statistica 6.0 software (Stat Soft Inc., Tulsa, Oklahoma, USA). The experiments were repeated twice and the means were compared using Fisher’s protected least significant difference (LSD) test at p ≤ 0.05. Data (%) were arcsine transformed before analyses to normalize variance.





3. Results


3.1. Incidence of Gray Mold (%)


The natural incidence of gray mold was evaluated at 30 days of cold storage, 45 days of cold storage, followed by 3 and 6 days of shelf life (Table 1). The results showed that the dual release pads at 5 or 8 g completely inhibited the development of gray mold at all evaluation intervals. Also, the slow release pads at 4 g completely inhibited the development of gray mold at 30 days of cold storage and 45 days of cold storage and reduced the incidence by 97 and 93% at 3 and 6 days of shelf life, respectively. The results demonstrated that there was no significant difference between slow release at 7 g and the control except at 3 days of shelf life. Generally, the incidence of disease increased overtime and reached the maximum of 9.7% after 6 days of shelf life.




3.2. Mass Loss (%)


The percentage of mass loss was measured at the end of cold storage (45 days) and at the end of shelf life (6 days) (Table 2). Results showed no significant difference among treatments as compared to the control after 45 days of cold storage and at 6 days of shelf life. The mass loss ranged from 3.66–5.30 and 7.44–9.56% at the end of cold storage and end of shelf life, respectively.




3.3. Shattered Berries (%)


The percentage of shattered berries was evaluated at the end of cold storage (45 days) and at the end of shelf life (6 days) (Table 2). The results showed no significant difference among treatments as compared to the controlat the end of cold storage. After 6 days of shelf life, slow release pads at 4 and 7 g reduced the percentage of shattered berries by 56 and 48% as compared to the control. Overall, the percentage of shattered berries ranged from1.69–5.8% and 5.16–11.87% at the end of cold storage and end of shelf life, respectively.




3.4. Stem Browning


Stem browning, in accordance with the level of darkness, was evaluated at the end of cold storage (45 days) and at the end of shelf life (6 days) (Table 3). At the end of cold storage, all types of SO2-generating pads significantly reduced stem browningas compared with control, and this reduction varied from15.4–23.0%. At the end of shelf life, there was no significant difference between SO2-generating pads and the control except for dual release at 8 g which reduced stem browning by 27.8% as compared to control treatment due its antioxidant effect.




3.5. Berry Firmness (N)


Berry firmness was evaluated at the end of cold storage (45 days) and at the end of shelf life (6 days) (Table 3). In general, no significant differences were noted between treatments with diverse SO2-generating pads and control. Berry firmness ranged from11.3–12.0 and 11.8–12.8N at the end of cold storage and end of shelf life, respectively.




3.6. TSS, TA, and TSS/TA Ratio


TSS, TA, and TSS/TA ratio was evaluated at the end of cold storage (45 days) and at the end of shelf life (6 days) (Table 4). Generally, none of the SO2-generating pads altered berry TSS, TA, and their ratio. TSS ranged from15.98–16.95 and 15.65–16.15 °Brix at the end of cold storage and end of shelf life, respectively. TA ranged from 0.86–0.91 and 0.80–0.86% at the end of cold storage and end of shelf life, respectively. TSS/TA ratio ranged from17.75–19.23 and 18.31–20.14 at the end of cold storage and end of shelf life, respectively.




3.7. Color Index (CIRG)


In all cases, for grape berry color index, no significant difference was recorded among different types of SO2-generating pads and the control at the end of cold storage and at the end of shelf life (Table 5). CIRG ranged from1.7–2.2 and 2.1–3.0 at the end of cold storage and end of shelf life, respectively.




3.8. Anthocyanins Concentration


At the end of shelf life, the total anthocyanin concentration of the skin was not affected by the use of different types of SO2-generating pads. This concentration was 4.64, 4.14, 4.81, 4.95, and 4.50 mg/g for slow release pad at 4 g, slow release pad at 7 g, dual release pad at 5 g, dual release pad at 8 g, and the control, respectively.





4. Discussion


Generally, grapes are susceptible to severe losses because of some diseases, such as gray mold caused by B. cinerea. SO2-generating pads areconsidered one of the most important control methods of this disease, particularly when table grapes are cold stored for extended periods [9,15]. Nowadays, the trend of ‘BRS Nubia’ seeded grape growers is to prolong postharvest life for both domestic and international markets.



The results obtained herein showed that SO2-generating pads with dual release at 5 or 8 g completely inhibited the development of gray mold at all evaluation times. Also, a high reduction of the disease was achieved by using the slow release at 4 g. Those treatments were able to protect the grapes until 45 days of cold storage followed by 6 days of shelf life. The results revealed that ‘BRS Nubia’ seeded grapes packaged in clamshells were not affected by the SO2 emitted in slow release pads 7 g except at 3 days of shelf life. The gas release associated with dual release at 5 or 8 g or slow release at 4 g may have worked against the initial disease progress and killed the pathogen more efficiently when those treatments were applied. Those results are in agreement with previous studies against gray mold of stored ‘Calmeria’, ‘Red Globe’, and ‘BRS Vitoria’ table grapes [7,21,22,23]. This performance of different slow release SO2-generating pads can be variedby diverse types of polymer films, coating materials, and release forms [8,24] which provide diverse permeability and thus control altitude.



Evaluating the effectiveness of a control method is very important under naturally occurring infections, and in this research the real situation was simulated for the recent grape packing which already exists in domestic and overseas markets using clamshells. It is important to mention that the grape cultivar response to different types of SO2-generating pads also has a significant role in terms of the control level of the disease. In a previous study, SO2-releasing pads (7 g) were able to control gray mold of ‘Benitaka’ table grapes kept under the same commercial situation with high and low inoculum pressure of the pathogen [8]. The results with dual release pads at 5 and 8 g against the disease was expected because of the contact with air moisture, which leads to the release of a high quantity of gas and therefore removal of any pathogen spores around the berries. Thus, the highest concentration of gas could maintain the clamshell-packaged ‘BRS Nubia’ seeded table grapes completely free of mold growth during cold storage and shelf life periods. The present results are in agreement with other investigations reported previously with different grape cultivars [9,11,24,25,26]. Actually, low decay incidence was recorded at 30 and 45 days of cold storage even for the control treatment. In the location where the experiments were carried out, chemical fungicides such as iprodione at 0.2% is the major means to manage gray mold before harvest by applying the compound three times during the season. Moreover, when good agricultural practices are applied, low natural incidence is expected [27,28,29].



Because it is consumed fresh, the appearance and quality of the table grapes are crucial factors for its marketability. The current study confirmed that SO2-generating pads did not alter the physicochemical properties of ‘BRS Nubia’ seeded table grapes such as mass loss, berry firmness, color index, anthocyanin content, TSS, TA, and TSS/TA ratio. Also, minor changes were noted for shattered berries and stem browning. In particular, slow release pads at 4 and 7 g reduced the percentage of shattered berries by 56 and 48% as compared to the control only after 6 days of shelf life. In addition, all types of SO2-generating pads reduced the stem browning score at the end of cold storage. After 30 days of cold storage there was no statistical difference among the treatments in stem browning (data not shown). Additionally, the phase from grape harvest to marketing is very important in terms of the maintenance of fruit quality [15]. Our results revealed that ‘BRS Nubia’ grapes have a great prospect for internal and overseas markets, as high fruit quality can be obtained after 45 days of cold storage and also after 6 days of shelf life. Also, it is important to mention that a high initial quality of the grapes is essential.



The efficacy of a treatment on fruit quality is frequently disregarded, especially in laboratory experiments or small scale trials since those kinds of experiments are focused mainly on the treatment to control the disease, ignoring the quality of the final products [30,31,32,33,34]. In addition, table grapes grown under protection cultivation may require specific postharvest treatments, since some fungi may find a different condition to develop and cause losses [35]. However, the use of plastic mesh to cover the vineyard did not negatively affect the postharvest conditions of ‘BRS Nubia’ table grapes, and the use of clamshells did not interfere with SO2 circulation inside the boxes. Recently, a strong correlation was shown between anthocyanin concentration and color index of ‘Benitaka’ grape berries [36].



In conclusion, ‘BRS Nubia’ seeded table grape is a promising cultivar for domestic and international markets. Maintaining quality during cold storage and shelf life periods is an essential requirementfor the producers with respect to cultivar competition. As a postharvest treatment, dual release SO2-generating pads at 5 or 8 g and slow release pads at 4 g can be considered as effective control of gray mold for ‘BRS Nubia’ table grapes while maintaining bunch quality, particularly for overseas export markets or long distance shipment.
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Table 1. Incidence of gray mold of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 30 and 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 3 and 6 days at shelf-life (SL) at 22 ± 1 °C after the period of cold storage, packaged with different SO2-generating pads.






Table 1. Incidence of gray mold of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 30 and 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 3 and 6 days at shelf-life (SL) at 22 ± 1 °C after the period of cold storage, packaged with different SO2-generating pads.





	
Treatments

	
Gray Mold Incidence (%)




	
30 Days of CS

	
45 Days of CS

	
3 Days of SL

	
6 Days of SL






	
Slow release—4 g

	
0.00 ± 0.00 b z

	
0.00 ± 0.00 b

	
0.18 ± 0.18 c

	
0.60 ± 0.39 b




	
Slow release—7 g

	
0.83 ± 0.31 ab

	
1.84 ± 0.72 a

	
3.15 ± 1.26 b

	
10.95 ± 1.31a




	
Dual release—5 g

	
0.00 ± 0.00 b

	
0.00 ± 0.00 b

	
0.00 ± 0.00 c

	
0.00 ± 0.00 b




	
Dual release—8 g

	
0.00 ± 0.00 b

	
0.00 ± 0.00 b

	
0.00 ± 0.00 c

	
0.00 ± 0.00 b




	
Control

	
1.81 ± 1.09 a

	
2.99 ± 0.68 a

	
6.72 ± 1.70 a

	
9.71 ± 2.96 a








z Means (± standard error) in columns marked with the same letters are not significantly different by Fisher’s protected LSD test at p ≤ 0.05.
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Table 2. Mass loss (%) and shattered berries (%) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.






Table 2. Mass loss (%) and shattered berries (%) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.





	
Treatments

	
Mass Loss (%)

	
Shattered Berries (%)




	
45 Days in CS

	
6 Days of SL

	
45 Days in CS

	
6 Days of SL






	
Slow release—4 g

	
3.66 ± 0.41 a z

	
9.56 ± 1.52 a

	
2.48 ± 0.91 ab

	
5.16 ± 0.78 b




	
Slow release—7 g

	
3.84 ± 0.14 a

	
9.06 ± 0.58 a

	
1.69 ± 0.63 b

	
6.12 ± 0.75 b




	
Dual release—5 g

	
4.01 ± 0.12 a

	
7.70 ± 1.14 a

	
3.51 ± 0.54 ab

	
10.51 ± 0.84 a




	
Dual release—8 g

	
4.23 ± 1.36 a

	
7.69 ± 1.19 a

	
5.80 ± 1.82 a

	
11.41 ± 1.52 a




	
Control

	
5.30 ± 1.46 a

	
7.44 ± 0.33 a

	
4.81 ± 0.71 ab

	
11.87 ± 1.17 a








z Means (± standard error) in columns marked with the same letters are not significantly different by Fisher’s protected LSD test at p ≤ 0.05.
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Table 3. Stem browning scores and berry firmness (N) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.






Table 3. Stem browning scores and berry firmness (N) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage (CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.





	
Treatments

	
Stem Browning z

	
Berry Firmness (N)




	
45 Days in CS

	
6 Days of SL

	
45 Days in CS

	
6 Days of SL






	
Slow release—4 g

	
2.20 ± 0.14 b y

	
2.75 ± 0.70 ab

	
12.01 ± 0.21a

	
12.27 ± 0.59 a




	
Slow release—7 g

	
2.05 ± 0.05 b

	
2.55 ± 0.21 ab

	
11.73 ± 0.85a

	
12.06 ± 0.34 a




	
Dual release—5 g

	
2.00 ± 0.00 b

	
2.85 ± 0.13 a

	
11.61 ± 0.56a

	
12.77 ± 0.69 a




	
Dual release—8 g

	
2.00 ± 0.00 b

	
2.20 ± 0.16 b

	
11.33 ± 0.46a

	
11.77 ± 0.32 a




	
Control

	
2.60 ± 0.14 a

	
3.05 ± 0.27 a

	
11.62 ± 1.01a

	
12.74 ± 0.35 a








z Stem browning scores: (1) fresh and green, (2) some light browning, (3) significant browning, and (4) severe browning. y Means (± standard error) in columns marked with the same letters are not significantly different by Fisher’s protected LSD test at p ≤ 0.05.
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Table 4. Total soluble solids—TSS (°Brix), titratable acidity—TA (tartaric acid %) and their ratio (TSS/TA) of clamshell-packaged ‘BRS Nubia’ seeded grapes berries at 45 days of cold storage (CS) at 1 ± 1 °C followed by 6 days of shelf life (SL) at 22 ± 1 °C.






Table 4. Total soluble solids—TSS (°Brix), titratable acidity—TA (tartaric acid %) and their ratio (TSS/TA) of clamshell-packaged ‘BRS Nubia’ seeded grapes berries at 45 days of cold storage (CS) at 1 ± 1 °C followed by 6 days of shelf life (SL) at 22 ± 1 °C.





	
Treatments

	
TSS (°Brix)

	
TA (% of Tartaric Acid)

	
TSS/TA




	
45 Days CS

	
6 Days SL

	
45 Days CS

	
6 Days SL

	
45 Days CS

	
6 Days SL






	
Slow release—4 g

	
16.30 ± 0.23 a z

	
16.10 ± 0.08 a

	
0.86 ± 0.00 a

	
0.83 ± 0.02 a

	
18.94 ± 0.27 a

	
19.42 ± 0.51 a




	
Slow release—7 g

	
15.98 ± 0.23 a

	
15.93 ± 0.15 a

	
0.89 ± 0.05 a

	
0.82 ± 0.03 a

	
18.06 ± 0.83 a

	
19.51 ± 0.76 a




	
Dual release—5 g

	
16.58 ± 0.19 a

	
15.78 ± 0.18 a

	
0.88 ± 0.01 a

	
0.86 ± 0.01 a

	
18.89 ± 0.27 a

	
18.31 ± 0.42 a




	
Dual release—8 g

	
16.20 ± 0.35 a

	
15.65 ± 0.10 a

	
0.91 ± 0.02 a

	
0.86 ± 0.01 a

	
17.75 ± 0.70 a

	
18.31 ± 0.23 a




	
Control

	
16.95 ± 0.44 a

	
16.15 ± 0.31 a

	
0.88 ± 0.02 a

	
0.80 ± 0.02 a

	
19.23 ± 0.78 a

	
20.14 ± 0.83 a








z Means (± standard error) in columns marked with the same letters are not significantly different by Fisher’s protected LSD test at p ≤ 0.05.
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Table 5. Color index (CIRG) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage(CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.






Table 5. Color index (CIRG) of clamshell-packaged ‘BRS Nubia’ seeded table grapes after 45 days of storage in cold storage(CS) at 1 ± 1 °C followed by 6 days at shelf life (SL) at 22 ± 1 °C, packaged with different SO2-generating pads.





	
Treatments

	
Color Index (CIRG)




	
45 Days of CS

	
6 Days of SL






	
Slow release—4 g

	
2.04 ± 0.25 a z

	
2.07 ± 0.07 b




	
Slow release—7 g

	
2.00 ± 0.26 a

	
2.13 ± 0.03 b




	
Dual release—5 g

	
2.16 ± 0.11 a

	
3.01 ± 0.55 a




	
Dual release—8 g

	
1.66 ± 0.37 a

	
2.43 ± 0.04 ab




	
Control

	
2.04 ± 0.04 a

	
2.35 ± 0.07 ab








z Means (± standard error) in columns marked with the same letters are not significantly different by Fisher’s protected LSD test at p ≤ 0.05.
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