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ABSTRACT 
In this study, the effects of three cold storage technologies, (i) controlled 

atmosphere-CA (CO2 4%, O2 3%), (ii) ultra low oxygen-ULO and (iii) 

dynamic controlled atmosphere-DCA, were investigated on fruit quality 

of ‘Scarlet Spur’ apples stored during 10 months plus 7 days of shelf life 

at 20 °C. After harvest, apples were stored at 0 °C and 90±5% relative 

humidity during 10 months in CA, ULO (CO2 3%, O2 1%,) and DCA 

(CO2 1%, O2 0.5%) conditions. HarvestWatch™ sensors were used for 

assessment of lower oxygen limit (LOL) of fruit during DCA storage. 

DCA was the best storage condition suppressing ethylene synthesis and 

respiration rate during storage. The ULO and DCA conditions showed 

similar results in the maintenance of firmness and TA amount. Weight 

loss in these conditions was also lower than CA. No significant 

difference was observed between storage conditions in terms of SSC. 

DCA technology gave better results in maintaining color of ‘Scarlet 

Spur’ than other conditions during cold storage. Result showed that; 

ULO and DCA conditions were more effective in maintaining quality 

compared to CA in terms of all quality parameters.  
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1. Introduction

Controlled atmosphere (CA) storage is a widely used technology for the storage of apple which is one of the most produced 

and consumed fruit in the world. Reducing the oxygen (O2) concentration in the storage atmosphere and increasing the 

concentration of carbon dioxide (CO2) is the most important factors for prolonging storage period in CA storage technology. 

Thus fruit quality is kept for longer periods, and postharvest losses during storage are reduced (Both et al. 2014). The 

possibility to obtain the longest storage period in CA conditions depends on (i) fruit maturity at harvest time, (ii) atmosphere 

composition during storage and (iii) the cultivar (Thompson 2010). 

Storage under proper conditions plays an important role in maintaining product quality especially in climacteric fruit such 

as apples (Bertone et al. 2012). The main purpose of optimizing the CA storage conditions is to prevent ripening and aging of 

the fruit by decreasing O2 level and reducing respiration rate and ethylene production (Veltman et al. 2003). Suppressing 

respiration rate and ethylene synthesis of fruit are the key postharvest processes throughout cold storage (Wright et al. 2015). 

O2 is the most important factor to decrease metabolic activity and reduce biochemical changes after harvest. Therefore, the use 

of low O2 levels in storage is an important potential (Tuna Gunes & Horzum 2017). 

The equipment developed in CA storage technology has allowed to work at low O2 or ultra low oxygen (ULO) conditions 

(Batu & Sen 2014). Standard CA storage involves keeping the oxygen content at 2-3% while the O2 level in the ULO 

conditions can be reduced to 1%. ULO storage is more successful than standard CA technology in terms of preventing disease 

and physiological disorders (Balla & Holb 2007; Mattè et al. 2005). Additionally, it can protect some quality characteristics 

such as fruit flesh firmness and ground color better than standard CA storage procedure (Thewes et al. 2015). In developed 

countries, ULO storage has been extensively used in fruit industry in order to maintain fruit quality for a longer period 

(Watkins 2008). 

Dynamic controlled atmosphere (DCA) is the new and popular technology in apple industry (Mditshwa et al. 2018). During 

DCA storage, O2 level is reduced to the lowest level that the fruit can tolerate which is just above the so-called critical O2 

concentration (LOL). Quality losses related to anaerobic condition increase when fruit are stored under LOL. Ideally, fruit 

should be stored at levels just above the critical O2 concentration (Gasser et al. 2008). It has been reported that fruit kept in 

these conditions could be stored for a long time without significant losses (Prange et al. 2007; Zanella et al. 2008; Wright et al. 
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2012). Researches in some apple varieties showed that DCA is more effective than CA for maintaining quality during storage 

(Veltman et al. 2003; Gasser et al. 2005; Delong et al. 2007; Bessemans et al. 2016; Thewes et al. 2017).   

 

DCA technology involves monitoring of gas concentrations in the storage room via sensors. Up to now, three sensors has 

been developed in this technology; chlorophyll fluorescence (CF), respiration quotient (RQ) and ethanol (ET) (Thewes et al. 

2018). While very little research has been done with RQ and ET sensors, CF is the most common used sensor in the pome fruit 

industry (Mditshwa et al. 2018).  

 

CF technique measures the stress occurring in fruit during storage period. In this method, while the O2 level is reduced, the 

CF signal on the fruit surface is measured by the sensor (Vanoli et al. 2010). Detection technology senses the response from 

the produce and feeds it back to an analytical software tool (HarvestWatch™) where the output is displayed in graph format 

(Stephens & Tanner 2005). The increase in the fluorescence signal indicates that the product enters low O2 stress (Watkins 

2008). The O2 level is maintained over the LOL level by adapting according to fruit metabolism during storage.  

 

In researches on effect of CA, ULO and DCA storage conditions for maintaining significant quality criteria in apples, 

results has changed based on cultivars (Aubert et al. 2015; Both et al. 2017; Kittemann et al. 2015; Thewes et al. 2015; Tran et 

al. 2015; Brizzolara et al. 2017). Therefore, in this study, the effects of CA, ULO and DCA on fruit quality of ‘Scarlet Spur’ 

apple cultivar was evaluated during a storage period of 10 months plus a shelf life period of 7 days at 20°C.  

 

2. Material and Methods 
 

2.1. Plant material 

 

Experimental fruit were obtained from the commercial apple orchard located in Isparta/Eğirdir (38° 17' North, 30° 55' East), in 

2012. The uniform trees were 8 years old cv. ‘Scarlet Spur’ apple on MM106 rootstock. Standard cultural practices were 

applied to the trees during fruit growth and development period.  

 

2.2. Fruit harvest and storage conditions 

 

Fruit were harvested at commercial harvest stage and transported to the postharvest physiology laboratory. Apples were 

randomly divided into three groups and stored at 0 °C and 90±5% relative humidity (RH) during 10 months in CA (CO2 4%, 

O2 3%), ULO (CO2 3%, O2 1%,) or DCA (0.5% O2 and 1% CO2) conditions, respectively. Cabinets manufactured with gas 

tight plastic material and each was 0.5 m3 volume. HarvestWatch™ was used to assess lower O2 limit (LOL) of fruit during 

DCA storage. LOL stress in fruit under DCA was assessed by CF sensors placed over a sample of 6 fruit each batch. LOL level 

in DCA was determined as 0.2%. The samples were stored at 0.5% O2 level by adding 0.3% safety margin to the determined 

LOL level under DCA conditions. After cold storage, apples were kept at 20 °C and 60±5 % RH for 7 days to determine the 

effects of treatments on some quality parameters investigated in this research during shelf life.   

 

2.3. Respiration rate and ethylene production 

 

Fruit (1 kg) were kept in 5 L airtight jars at room condition (20 ºC) for determination of ethylene emission and respiration rate. 

After 3 h, the gas sample was taken from the closed jars by a gastight syringe and injected into loop of gas chromatography 

(GC) (Agilent 6840). Ethylene emission and respiration rate were measured by GC equipped with flame ionization (FID) and 

thermal conductivity detectors (TCD), respectively. Measurements were made in split/splitless (S/SL) of inlet in split mode 

with gas sampling valve with 1-mL gas sample by using fused silica capillar column (GS-GASPRO, 30 m x 0.32 mm I.D., 

U.S.A). Results were calculated as µL kg-1 h-1 and ml CO2 kg-1 h-1 for ethylene production and respiration rate, respectively. 

 

2.4. Fruit flesh firmness 

 

Fruit flesh firmness was measured by using a texture analyzer (Güss FTA Type GS14 Fruit‐Texture Analyzer Model, Strand, 

South Africa). The measurements were performed on both side of apple after skin removal using a stainless probe (11.1 mm). 

Firmness was measured over 10 fruit in each replication and results were presented in Newton (N). 

 

2.5. Soluble solids content (SSC) and titratable acidity (TA) 

 

The fruit juice from 10 apples in each replication was extracted with the help of a juicer for analysis. The soluble solids content 

(SSC) of apple juice (%) was determined with a refractometer (Digital-Atago Pocket PAL-1). The titratable acidity (TA) in 

apple juice was measured by titration of 10 mL of juice with NaOH solution (0.1 mol L−1) to an end-point pH of 8.1 by a pH 

meter (Hanna pH 330 model, WTW, Germany). The results were expressed as % malic acid.  
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2.6. Fruit skin color 

 

Fruit skin color of apples was measured with a colorimeter (Minolta CR 400, USA). Color measurements were made on both 

sides of 10 fruit in each replication along the equatorial axes. The calibration of color measurement apparatus was performed 

using an original calibration plate (white). The fruit colors were evaluated as CIE L*, a* and b*. 

 

2.7. Weight loss  

 

Weight loss of fruit was measured based on the initial weight and calculated as percent (weight loss % = [(first weight ‐last 

weight)/ first weight × 100)] during cold storage. In order to measure the weight loss during the shelf life period, weight 

measurements were made at the beginning and at the end of the shelf life. Weight loss of apples was measured over 10 fruit in 

each replicate. 

 

2.8. Statistical analysis of results 

 

The completely randomized design (with three replications) was chosen for this experiment. Using software package (JMP7), 

the general linear model was used for statistical analyses. The differences among means (at a significance level of 0.05) were 

analyzed using LSD test. 

 

3. Results and Discussion 
 

3.1. Respiration rate and ethylene production 

 

During storage and shelf life, respiration rate increased in all storage conditions (Figure1). The differences between conditions 

and periods and their interactions were statistically significant in both cold storage and room conditions (P<0.001, 0.0001). 

The highest respiration rate during storage was determined in samples in CA (mean 9.87 mL.CO2 kg-1h-1) while the lowest 

respiration rate was observed in DCA (mean 7.22 mL.CO2 kg-1h-1). DCA was the best storage condition to suppress respiration 

rate. In room conditions, respiration rate values obtained from samples stored in ULO (11.86 mL.CO2 kg-1h-1) and DCA (11.39 

mL.CO2 kg-1h-1) gave similar results. CA conditions were again resulted the highest (14.93 mL.CO2 kg-1h-1) respiration rate. It 

was determined that DCA storage of ‘Granny Smith’ apple suppressed respiratory rate better than CA storage (Eren et al. 

2015). Similarly, previous studies have showed that limiting O2 levels, significantly reduces respiration rate (Gasser et al. 

2008; Wright et al. 2012; Thewes et al. 2015). Respiration is the breakdown of complex molecules (starch, sugar and organic 

acids) to simple molecules (CO2 and H2O) in the cell (Kader 2002). In the final stage of the respiratory reaction; as O2 acts as 

the ultimate electron acceptor in the mitochondrial electron transport chain, the metabolism of the fruit can be slowed down by 

lowering the O2 concentration in the storage (Bekele et al. 2016). 

 

 

 
 

Figure 1- Respiration rate of ‘Scarlet Spur’ apples stored under different atmosphere conditions during 10 months (A) and 

plus 7 days for shelf life (B). Vertical bars represent standard error (n=3) 
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The effects of storage conditions and periods on ethylene production were statistically significant. The interaction between 

time and condition was also significant (P<0.05, 0.0001). During cold storage and shelf life, the amount of ethylene production 

increased in all three storage conditions (Figure 2). The highest increase was observed in CA storage. In the 8th month of 

storage, the ethylene production in the CA (7.46 μL.C2H4 kg-1 h-1) showed a noteworthy increase compared to other conditions. 

This rapid increase in shelf life began to be observed since the 4th month (41.32 μL.C2H4 kg-1 h-1). The highest average 

ethylene production during storage was obtained under CA storage. ULO and DCA caused in similar results in terms of 

ethylene production. For some apple cultivars, higher ethylene production was found in fruit stored in CA conditions compared 

to fruit stored in ULO and DCA conditions (Mattheis et al. 1998; Hennecke et al. 2008; Çalhan et al. 2012; Thewes et al. 

2015). Since ethylene initiates the ripening process in fruit, its production is reduced to the lowest possible level, resulting in 

higher fruit quality after storage. (Watkins 2006).   

 

 

 
 

Figure 2- Ethylene production of ‘Scarlet Spur’ apples stored under different atmosphere conditions during 10 months (A) 

and plus 7 days for shelf life (B). Vertical bars represent standard error (n=3) 

 

Reducing O2 level in the storage atmosphere decreases the ethylene production of fruit (Gorny & Kader 1996). Storage of 

apples under DCA conditions significantly reduces ethylene synthesis and maintains long-term quality parameters (Watkins, 

2008). DCA storage is effective in suppressing the activity of 1-Aminocyclopropane-1-carboxylate (ACC) oxidase enzyme that 

plays a key role in ethylene synthesis and production (Thewes et al. 2015; Weber et al. 2015; Thewes et al. 2017). ACC 

formed during ethylene synthesis pathway is oxidized by ACC oxidase enzyme and convert to ethylene (Nath et al. 2006). 

Therefore, reduction of O2 in the storage room inhibits the activity of ACC oxidase enzyme and the conversion of ACC to 

ethylene. 

 

3.2. Firmness (N), SSC (%) and TA (%) 

 

According to the changes in fruit firmness values, the differences between the storage conditions and the storage period were 

statistically significant (P<0.0001). With the prolonged storage period, the firmness values of the samples decreased in all 

conditions. Firmness, which is one of the most important factors affecting apple quality, decreases in relation to water loss 

during long term cold storage (Mditshwa et al. 2017b). This decrease in the value of firmness during storage has been shown 

similarly in previous studies (Koyuncu & Bayındır 2013). Gwanpua et al. (2014) reported that the loss of sugar in the 
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‘Jonagold’ apples during ripening, increased pectin solubility, and the decrease in the water-soluble pectin molar mass were 

caused by softening. The highest average fruit flesh firmness values were obtained from the samples stored in DCA and ULO 

conditions during the storage (68.11 N-67.56 N) and shelf life (54.50 N -52.28 N) period. (Table 1, 2). Fruit flesh firmness was 

better protected in low O2 conditions (De Castro et al. 2007). During the maturation, some enzymes cause the polymerization 

of pectin polymers and loosening the cohesion between the cells (Brummell & Harpster, 2001; Goulao & Oliveira 2008). This 

loss in cohesion of the pectin network is responsible for softening (Fischer & Bennett 1991). Many enzymes play a role in cell 

wall modifications during maturation of apples. The activities of these enzymes are related to ethylene production (Gwanpua et 

al. 2014). Ethylene signals the cell wall degrading enzymes and triggers their activity (Payasi et al. 2009). The lower firmness 

loss in DCA is related to the low amount of ethylene produced in this condition. It is reported that DCA storage suppresses the 

enzymes responsible for softening (Mditshwa et al. 2018). Studies on apples have shown that the firmness of fruit flesh in 

DCA conditions is better protected than CA conditions (Mattheis et al. 1998; Zanella et al. 2005; DeLong et al. 2007; Zanella 

et al. 2008; Tran et al. 2015; Thewes et al. 2015 Bessemans et al. 2016; Mditshwa et al. 2017a). The ULO conditions also 

yielded better results than CA storage in maintaining firmness. Similar findings were obtained from previous studies on ‘Royal 

Gala’ apple variety (Thewes et al. 2015; Weber et al. 2015; Both et al. 2017).   

 
Table 1- Firmness (N), SSC (%) and TA (% malic acid) of ‘Scarlet Spur’ apples during cold storage 

 

Storage conditions 

(Sc) 

 Storage time (St) Mean 

0 2 4 6 8 10  

 

Firmness  

(N) 

CA 76.60 64.84 62.81 60.21 55.25 47.76 61.25B1 

ULO 76.60 72.47 68.12 66.35 62.54 59.30 67.56A 

DCA 76.60 71.46 70.18 66.16 65.18 59.08 68.11A 

Mean 76.60a 69.59b 67.03c 64.24d 60.99e 55.38f  

P values  Sc *** St *** Sc X St *     

 

 

SSC (%) 

CA 12.57 14.70 15.60 15.80 15.27 15.93 14.98NS 

ULO 12.57 15.30 15.33 15.70 14.97 15.70 14.93 

DCA 12.57 15.00 15.23 15.63 15.73 15.57 14.96 

Mean 12.57 NS 15.00 15.39 15.71 15.32 15.73  

P values  Sc NS St NS Sc X St NS     

 

TA (% malic acid) 

CA 0.36 0.33 0.30 0.29 0.27 0.23 0.30B 

ULO 0.36 0.33 0.31 0.31 0.30 0.26 0.31A 

DCA 0.36 0.33 0.31 0.30 0.29 0.27 0.31A 

Mean 0.36a 0.33b 0.31c 0.30c 0.29cd 0.25e  

P values  Sc *** St *** Sc X St NS     
 

*, P<0.05-0.01; **, P<0.01-0.001; ***, P<0.0001; NS, nonsignificant. 1Means followed by different letters with in the same row and column are significantly 
different. 

 
Table 2- Firmness (N), SSC (%) and TA (%) of ‘Scarlet Spur’ apples during shelf life after cold storage 

 

Storage conditions 

(Sc) 

Storage time (St) Mean 

2+7 4+7 6+7 8+7 10+7 

 

Firmness  

(N) 

CA 45.03 52.65 50.13 37.26 24.92 42.00B1 

ULO 55.58 63.40 56.30 44.84 41.27 52.28A 

DCA 62.38 56.43 62.41 52.03 39.26 54.50A 

Mean 54.33cd 57.49a 56.28b 44.71d 35.15e  

P values Sc *** St *** Sc X St *     

 

 

SSC (%) 

CA 16.03 15.47 15.40 16.33 16.73 15.99 NS 

ULO 15.83 15.67 16.20 15.30 15.80 15.76 

DCA 15.03 15.63 15.93 15.13 15.67 15.48 

Mean 15.63 NS 15.59 15.84 15.59 16.07  

P values Sc NS St NS Sc X St NS     

 

TA (%) 

CA 0.28 0.24 0.25 0.21 0.17 0.23B 

ULO 0.32 0.28 0.27 0.25 0.23 0.27A 

DCA 0.31 0.31 0.30 0.25 0.22 0.28A 

Mean 0.30a 0.28b 0.27b 0.24c 0.20d  

P values Sc *** St *** Sc X St NS     
 

*, P<0.05-0.01; **, P<0.01-0.001; ***, P<0.0001; NS, nonsignificant. 1Means followed by different letters with in the same row and column are significantly 

different. 

In comparison with the DCA and ULO conditions in terms of fruit flesh firmness, it is better protected in the apple cultivars 

of ‘Gloster’ (Köpcke 2015), ‘Granny Smith’ and ‘Red Delicious’ (Mditshwa et al. 2017a, 2017b; Brizzolara et al. 2017) in the 

DCA conditions while similar results obtained from the studies regarding apple cultivars ‘Golden Delicious’ and ‘Pinova’ 

(Kittemann et al. 2015), ‘Fuji’ and ‘Gala’ (Zanella & Rossi 2015). This is mainly because of different metabolic reactions of 

apple genotypes (Brizzolara et al. 2017). 
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The SSC of fruit increased at the end of the storage period compared to initial values with fluctuation during cold storage. 

The amount of SSC was 12.57% at harvest. At the end of the cold storage period, SSC amount was determined as 15.93% in 

CA, 15.70% in ULO and 15.57% in DCA condition. No significant difference was observed between technologies in terms of 

SSC (Table 3, 4). TA values decreased significantly during cold storage and shelf life (Table 3, 4). The decrease of TA during 

storage is due to the consumption of malic acid as a metabolite substrate in fruit respiration (Ackerman et al. 1992). TA was 

significantly lower in samples stored in CA compared to other conditions (P<0.0001). The ULO and DCA conditions showed 

similar results in the maintenance of TA amount. Similarly, ‘Granny Smith’ (Eren et al. 2015), ‘Cortland’ (DeLong et al. 

2007), ‘Royal Gala’ (Weber et al. 2015), and ‘Red Delicious’ (Brizzolara et al. 2017) apple cultivars have been reported to 

maintain better TA levels under the DCA and ULO than CA conditions. The CA conditions with low O2 are advantageous in 

maintaining TA values (Özer 2002). Generally, a decrease in the concentration of O2 in atmosphere causes a decrease in 

consumption rates of citrate and malate in the formation of organic acids in the tricarboxylic acid cycle (Mir & Beaudry 2002).   
 

Table 3- Fruit skin color changes of ‘Scarlet Spur’ apples during storage and shelf life 
 

 

 

 
 

 

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

*, P<0.05-0.01; **, P<0.01-0.001; ***, P<0.0001; NS, nonsignificant. 1Means followed by different letters with in the same row and column are significantly 

different. 

Table 4- Weight loss (%) of ‘Scarlet Spur’ apples stored in different conditions 
 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

*, P<0.05-0.01; ***, P<0.0001; NS, nonsignificant. 1Means followed by different letters with in the same row and column are significantly different. 

Storage conditions 

(Sc) 

  Storage time (St)(months)  

0 2 4 6 8 10 Mean 

 

L* 

CA 30.53 30.66 29.64 29.59 27.02 27.21 29.11A1 

ULO 29.71 29.74 27.89 28.60 25.07 26.50 27.92B 

DCA 29.93 30.43 28.88 28.56 25.49 25.38 28.11B 

Mean 30.06a 30.28a 28.80b 28.92b 25.86c 26.36c   

P values Sc*** St*** Sc X St  NS     

 

 

a* 

CA 19.14 20.80 23.31 23.21 24.66 23.52 22.44A 

ULO 19.10 20.12 22.81 22.53 24.81 24.68 22.34A 

DCA 18.44 19.63 21.72 21.68 23.53 23.40 21.40B 

Mean 18.89e 20.18d 22.62bc 22.47c 24.33a 23.87ab   

P values Sc* St*** Sc X St NS     

 

b* 

CA 8.98 9.90 11.06 10.94 11.54 11.63 10.68A 

ULO 8.44 9.13 10.22 10.20 11.21 11.69 10.15AB 

DCA 8.33 9.12 9.99 9.80 10.51 10.65 9.73B 

Mean 8.58c 9.38c 10.42ab 10.32b 11.08ab 11.32a   

P values Sc* St*** Sc X St  NS     

Storage conditions 

(Sc) 

  Storage time (St)(months+days)  

 2+7 4+7 6+7 8+7 10+7 Mean 

 

L* 

CA  33.97 30.72 33.27 34.78 33.02 33.15NS 

ULO  32.37 30.63 31.70 33.07 32.70 32.10 

DCA  32.66 29.15 32.39 34.41 31.03 31.93 

Mean  33.00b 30.17d 32.46bc 34.08a 32.25c   

P values Sc  NS St** Sc X St NS     

 

 

a* 

CA  25.01 23.65 23.10 25.33 22.52 23.92 NS 

ULO  24.35 23.26 24.01 21.99 22.05 23.13 

DCA  24.22 23.86 23.09 24.33 22.16 23.53 

Mean  24.53 NS 23.59 23.40 23.88 22.24   

P values Sc  NS St  NS Sc X St NS     

 

b* 

CA  13.61 12.33 11.56 12.46 10.81 12.16 NS 

ULO  12.23 11.83 11.78 11.23 10.79 11.57 

DCA  11.51 11.26 11.41 10.77 10.57 11.10 

Mean  12.45 NS 11.81 11.58 11.49 10.72   

P values Sc  NS St  NS Sc X St NS     

Storage conditions 

(Sc) 

Storage time (St) 
Mean 

2 4 6 8 10 

 

Cold Storage (0 oC) 

CA 0.44 0.85 1.21 1.51 2.08 1.22A1 

ULO 0.36 0.61 0.87 1.08 1.57 0.91B 

DCA 0.36 0.63 0.88 1.07 1.61 0.90B 

Mean 0.38e 0.70d 0.99c 1.22b 1.75a   

 

Shelf Life 

(+7 days at 20 oC) 

CA 1.71 2.17 2.06 2.76 3.76 2.49A 

ULO 1.57 1.83 1.69 2.16 2.82 2.02B 

DCA 1.58 1.95 1.57 2.18 2.91 2.03B 

Mean 1.62e 1.98c 1.77d 2.36b 3.16a  

 P values Cold Storage 

Sc 

St                                       

Sc X St                             

*** 

*** 

*** 

Shelf  

Life 

Sc 

St                                       

Sc X St                             

* 

*** 

NS 
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3.3. Fruit skin color 

 

L* value, which expresses brightness during storage and shelf life, generally decreased according to initial value. Whereas red 

color (a*) and yellow ground color (b*) increased due to maturation (Table 3). This increase is caused by the decomposition of 

chlorophyll forming the green color in the fruit during the storage and turning the color of the green in the fruit to yellow 

(Çalhan et al. 2012). The effect of different storage conditions on color values during storage was statistically significant 

(P<0.001). The interaction between the storage conditions and storage time was insignificant in both cold storage and shelf- 

life conditions. The lowest average a* and b* values (21.40-9.73) were obtained from the samples stored in DCA conditions 

during the storage period. DCA preserves the quality of fruit better, by contributing to the preservation of the fruit color during 

storage and shelf life (Zanella et al. 2008; Veltman et al. 2003). Previous studies showed that DCA technology gave better 

results in maintaining color of ‘Granny Smith’ than CA (Bessemans et al. 2016) and ULO in ‘Elstar’ (Veltman et al. 2003). 

Additionally, it was reported that DCA delays chlorophyll degradation (Tran et al. 2015).  

  

3.4. Weight Loss 

 

The weight loss during storage and shelf life of ‘Scarlet Spur’ apple samples kept under different atmospheric composition was 

increased continuously as shown in Table 4. This change was statistically significant (P<0.0001). The maximum weight loss 

occurred in CA for both storage (1.22%) and shelf life (2.49%) period while the weight loss observed in ULO (0.91%-2.02%) 

and DCA (0.90%-2.03%) conditions were similar. Weight loss is associated with the respiratory rate of the product. Increases 

in weight loss are due to the removal of water from the tissues along with the CO2 released as a result of the respiration of the 

product during storage (Erbaş et al. 2014). The gas composition in the ULO and DCA storage conditions suppressed the 

respiration rate better compared to the CA storage and thus the weight loss in these conditions was also lower. The interaction 

between storage time and storage conditions was statistically significant (P<0.0001) during storage and insignificant during 

shelf life. 

 

4. Conclusions 
 

Result of this study conducted with ‘Scarlet Spur’ apple showed that ULO and DCA conditions were more effective in 

maintaining quality compared to CA in terms of all quality parameters. DCA was the best storage condition suppressing 

respiration rate and ethylene production that expressed maturation during storage. Additionally, DCA was found to be more 

effective than other conditions to preserve important quality parameters in apple fruit such as color and firmness. As a result, 

the storage of ‘Scarlet Spur’ apples under DCA was found to be more successful than ULO and CA conditions in terms of 

preservation of quality criteria in long-term cold storage and during shelf life. 
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