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ABSTRACT 

 
This study was carried out during 2013-2014 

and 2014-2015 seasons at a private farm located 

at Tokh district, Qalubia Governorate. Strawberry 

fruits ˝festival cultivar˝ to study the effect of active 

(7.5% O2 +15% CO2 or 10% O2 +10% CO2) and 

passive modified atmosphere packaging (MAP) on 

preserving the quality parameters and extend the 

shelf life of fruits during storage at 0˚C plus shelf 

life at 10˚C.The results showed that active MAP 

inhibit the weight loss and decay percentage, 

maintained fruit texture, ascorbic acid, titratable 

acidity (TA) and decrease in color development 

during storage and shelf life. Passive MAP was 

less effective in reducing the loss of fruits texture, 

TA and ascorbic acid content. Untreated MAP 

(control) gave the highest values of weight loss 

and decay percentage and lowest values of tex-

ture, becoming more red and poor appearance 

after 15 days of storage at 0˚C + 2 days at 10˚C. 

The results showed also that the optimum gas 

composition of MAP tests for strawberry was 7.5% 

O2 +15% CO2. No decay was observed in active 

MAP at 7.5% O2 +15% CO2 during the storage 

period plus shelf life. Furthermore, it also retarded 

texture, color, titratable acidity and ascorbic acid 

content. Finally, the study concluded that storage 

of strawberry fruits at active MAP of 7.5% O2+ 15% 

CO2 improved storability of fruits, and maintained 

fruit quality and gave fruits with good appearance 

till of 15 days at 0˚C + 2 days at 10˚C without de-

cay. The shelf life of strawberry after harvest can 

be extended to 3 days at 0˚C + 2 days at 10˚C by 

this treatment. 

 

INTRODUCTION 

 

Strawberry have short shelf life due to highly 

perishability and are susceptible to mechanical 

injury, physiological disorders, water loss, soft tex-

ture and decay (Oliveria et al 2015). The shelf life 

of fresh produce is limited to 1-2 days at room 

temperature (Wills and Kim, 1995 and Harker et 

al 2000). The shelf life of fresh strawberry is in-

versely proportional to respiration rate (Day, 1990). 

Consequently, the most commonly method for 

shelf life extension is low temperature. However, 

storage quality can be further improved by altering 

the gas atmosphere surrounding the fresh straw-

berry fruits (Holcroft and Kader, 1999). 

Modified atmosphere packaging (MAP) consist-

ing of reduced O2 with elevated CO2 combined 

with proper refrigeration maintain the quality and 

extend the shelf life of strawberry by reducing res-

piration rates, delaying changes in textural proper-

ties and color, as well by retarding depletion of 

total sugars, ascorbic acid and other organic acids 

(Barrios et al 2014 and Oliveira et al 2015). Attia 

(2005) found that strawberry fruits showed signifi-

cant increment in firmness when stored in modified 

atmosphere conditions than the initial firmness.    

MAP has been developed over the last dec-

ades as a technique to retain high quality of vege-

tables. Passive MAP, where effects are derived 

from product respiration rate and gas permeability 

of the packaging film, induces a passively estab-

lished steady state after a long transient period. 
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With active MAP, initial gas flushing or the intro-

duction of gas scavenging system with the pack-

age is used to accelerate gas composition modifi-

cation to avoid product exposure to high concen-

trations of unsuitable gases (Vermeiren et al 

1999). 

The main benefit, however, of using MAP for 

strawberry is inhibiting of decay and the generation 

of C2H4 because it can influence the enzyme activi-

ty, thus the permeability of cell membrane does not 

increase quickly (Zhang et al 2007). Furthermore, 

MAP can prevent microbial growth, discoloration 

and cell destruction and can reduce the risk of in-

fection (Jouki and Khazaei, 2012). 

The objective of this work was to evaluate the 

potential of active and passive modified atmos-

phere packaging in preserving the quality parame-

ters and extend the shelf life of festival strawberry 

fruit during storage at 0˚C plus shelf life conditions 

at 10˚C. 

 

MATERIALS AND METHODS 

 

Storage experiment was conducted during two 

successive seasons of 2013/2014 and 2014/2015 

in the laboratory of Vegetables Handling Research 

Dept. Hort. Res. Inst. At Giza governorate, on the 

fruits of strawberry Festival cultivar. Transplants 

were dipped in 0.2% Rhizolex solution as fungicide 

for 20 minutes before planting on 24
th
 and 21

th
 of 

September, 2013 and 2014 respectively in a pri-

vate farm at Qalubia Governorate, Egypt. Drip irri-

gation system and agricultural practices were car-

ried out as recommended by the Ministry of Agri-

culture. Strawberry fruits were harvested at three 

quarter red stage of maturity (without any defects) 

in the third week of January of the two seasons 

2014 and 2015 and packed directly in venting plas-

tic punnets (250g). Each treatment contained 54 

punnets, for the following treatments 

1. The punnets inserted into the polypropylene 

bags (20x20cm) 30µm thinkness and heat 

sealed, then flushed with a gas mixture at 

7.5% O2 +15% Co2 (active MAP1). 

2. The punnets inserted into the polypropylene 

bags (20x20cm) 30µm thinkness and heat 

sealed, then flushed with a gas mixture at 

10% O2 +10% Co2 (active MAP2). 

3. The punnets inserted into the polypropylene 

bags (20x20cm) 30µm thinkness and heat 

sealed (passive MAP). 

4. Punnets that were not placed in polypropyl-

ene bags (untreated MAP) were served as 

control. 

The treatments were arranged in a complete 

randomized design (factorial) and stored at 0˚C 

and 90-95% RH for 15 days with three replicates. 

Each replicate consisted of 3 punnets.  

The sample for each treatment was taken at 

random in three replicates and evaluated after 3, 6, 

9, 12 and 15days at 0˚C plus two days at 10˚C 

(shelf life). 

The following quality measurements were rec-

orded.  

 

1. Weight loss percentage 

 

It was estimated according to the equation:  

 

                         
                                               

              
       

 

2. Decay percentage 

 

Decayed fruits were counted and recorded by 

visual examination (decayed fruits included all the 

injured or spoiled, resulting from microorganisms 

infections) percentage of decay was calculated in 

relation to total initial weight of stored fruits. 

(Cheour et al 1990). 

 

3. General appearance based on fresh appear-

ance, fresh calyx and dryness or watery condition , 

change of color and decay was determined ac-

cording to the following score system : 9 = excel-

lent , 7 = good , 5 = fair , 3 = poor, 1= unsalable . 

 

4.  Texture recorded by TA-1000  texture analyzer 

instrument using a penetrating cylinder of 1mm of 

diameter, to a constant distance (3 and 5 mm) in-

side the pulp of fruits, and by a constant speed 

2mm per sec., and the peak of resistance was rec-

orded per g/cm
2
.  

 

5. Titratable acidity percentage was measured 

by titration the juice of fruits against 0.1 N NaoH to 

pH 8.1 and expressed as percent of citric acid by 

A.O.A.C. (2000). 

 

6. Ascorbic Acid: The ascorbic acid content was 

determined by using 2, 6-dichlorophenol indophe-

nols titration method as described by A.O.A.C 

(2000). 

 

7. Anthocyanin: It was determined by using HCl 

(1.5N) spectrophotometer as described by 

A.O.A.C (2000).  
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8. Total sugars was determined in fresh strawber-

ry fruits by using Lane and Eynon method accord-

ing to A.O.A.C (2000). 

 

All data were subjected to the statistical analy-

sis according to the method described by 

Snedecor and Cochran (1991). 

 

RESULTS AND DISCUSSION 

 

1. Weight loss percentage: 

 

Data in Table (1) showed that weight loss per-

centage, of strawberry fruits was increased con-

siderably and consistently with the prolongation of 

storage period and shelf life during the two sea-

sons. These results agree with those obtained by 

Shehata et al (2009) and Khreba et al (2014).The 

loss in weight may be attributed to respiration, 

transpiration and other senescence related to met-

abolic processes during storage (Ozkaya et al  

2009). 

Concerning the effect of MAP on weight loss 

percentage, data revealed that there were signifi-

cant differences among MAP treatments, however, 

active and passive MAP retained their weight dur-

ing storage and shelf life as compared with un-

treated MAP (control). Moreover strawberry fruits 

held in active MAP1 followed by MAP2 resulted in 

prominent reduction in weight loss percentage dur-

ing storage and shelf life. These results were true 

in the two seasons and agreed with those obtained 

by Ozkaya et al (2009), Jouki and khazaei (2012) 

and Khreba et al (2014) who found that strawberry 

fruits kept in MAP maintained their weight than 

those that packaged under air because dehydra-

tion, MAP reduced the water loss by minimizing the 

contact of fruits with the surrounding air or by inhib-

iting the diffusion of water vapor with permeability 

of vapors of the films. On the other hand, the high-

est values of weight loss percentage was recoded 

with untreated MAP (control). 

 

Table 1. Effect of active and passive modified atmosphere packaging on weight loss (%) of strawberry 

fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 seasons 

 

Treatments 

                                                   Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 0.06 q  0.11 pq 0.24 no   0.32 mn  0.46 kl      0.63i 0.30 D 

MAP2 0.10 q  0.20 op  0.30 mn     0.3l m  0.51 jk 0.60ij 0.35 C 

Passive MAP   0.23 no 0.34 m    0.44 kl     0.65 i 0.80 h 0.93g 0.57 B 

Control    1.04 f     1.95 e    3.02 d 3.75 c 4.14 b 5.23a 3.19 A 

Mean 0.36 F 0.65 E    1.00 D  1.28 C  1.48 B  1.85A  

     2014-2015 

MAP1 0.10 m 0.12 m   0.24 k-m   0.50 i-k   0.62 h-j    0.71 g-i     0.38 D 

MAP2  0.16l m  0.20l m    0.43 j-l   0.61 h-j   0.70 g-i    0.92 f-h     0.49 C 

Passive MAP  0.25 k-m  0.50 i-k 0.65 h-j   0.84 f-h   0.93 e-g  1.03 ef     0.70 B 

Control    1.13 e     1.99 d    3.10 c     3.95 b     4.20 b     5.50 a     3.31 A 

Mean    0.41 F 0.70 E    1.11 D 1.48 C 1.61 B 2.02 A  

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion. , according    to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2.  

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.    Passive MAP = passive modified atmosphere packaging. 

 

The lowest weight loss percentage from active 

MAP treatment is due to the confinement of mois-

ture around the produce by polypropylene bags. 

This increases the relative humidity and reduces 

vapor pressure deficit and transpiration. In addi-

tion, packaging creates a modified atmosphere 

with higher concentration of CO2 and reduced O2 

around the produce which slow down the metabol-

ic processes and transpiration. which diminished 

the weight loss during storage and shelf life. 

(Thompson, 1996 and Zhang et al 2007). 

The highest weight loss observed in un-

wrapped fruits throughout the storage period can 

be attributed to air movement, which tends to 

sweep away the unstirred layer of air (at aquibrium 

vapor pressure with the tissues) adjacent to the 

surface of the produce, thus increasing the vapor 

pressure deficit (Wills et al  1998). 
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 The interaction between MAP and storage pe-

riod was significant, however, in general, strawber-

ry fruits packed in polypropylene film with active 

MAP1 had the lowest weight loss percentage dur-

ing all storage periods at 0˚C + shelf life at 10˚C, 

compared with all treatments in both seasons of 

study. 

 

2. Decay percentage  

 

Data in Table (2) revealed that decay percent-

age of strawberry fruits was increased with prolon-

gation of storage period and shelf life. These re-

sults were true in the two seasons and in agree-

ment with Jouki and Khazaei (2012) who found 

that the quantity of decayed strawberry fruits in-

creased with storage time.  

Concerning the effect of MAP, data showed 

that there were significant differences between 

treatments in decay percentage during storage and 

shelf life condition. However, strawberry fruits 

treated with active MAP significantly decreased the 

percentage of decay in fruits during storage and 

shelf life compared with passive MAP or untreated 

MAP (control) in the two seasons. These results 

were in agreement with Zhang et al (2007); 

Ozkaya et al (2009) and Mohammadi and Hanafi 

(2014) who found that MAP significantly prevent 

strawberry fruits decay and improved the shelf life 

when compared with unpackaged fruits.   

Also El-Kazzaz et al (1983) reported that 

strawberry fruits exposure to CO2 levels between 5 

and 20% had some fungi static effects on straw-

berry  pathogens. 

 

Table 2. Effect of active and passive modified atmosphere packaging on decay percentage of strawberry 

fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 seasons 

 

Treatments 

Storage period (day) 

                                                        2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 D 

MAP2 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d     7.24 c 1.21 C 

Passive MAP 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d   20.24 b 3.37 B 

control 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d   23.18 a 3.86 A 

Mean 0.00 B 0.00 B 0.00 B 0.00 B 0.00 B   12.67 A  

   2014-2015 

MAP1 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d 0.00 D 

MAP2 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d  10.33 c 1.72 C 

Passive MAP 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d   20.37 b 3.40 B 

control 0.00 d 0.00 d 0.00 d 0.00 d 0.00 d   26.35 a 4.39 A 

Mean 0.00 B 0.00 B 0.00 B 0.00 B 0.00 B    14.26 A  

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2.  

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.  Passive MAP = passive modified atmosphere packaging. 

 

 

The reduction in decay and fungal development 

may be due to active MAP apparently delayed 

fruits senescence and inhibited microbial growth 

(Nielsen and Lenfven, 2008) and controlled the 

exponential growth of microorganisms (Allende et 

al 2007). Also, Farber (1991) found that CO2 inhib-

its microbial activity in two ways; it dissolves in 

water in the product and it has negative effects on 

enzymic and biochemical activities in cells of both 

product and microorganisms 

The interaction between MAP treatment and 

storage period was significant. However, the decay 

started to be shown after 15 days at 0˚C + 2 days 

at 10˚C for active MAP2, passive MAP and un-

treated MAP (control). Moreover, it is clear that 

strawberries packaged in active MAP1 did not 

show fruits decay during all storage period plus 

shelf life. More decay was recorded in passive 

MAP and untreated MAP (control) at the end of 

storage. 

 

3. General appearance (GA) 

 

Data in Table (3) revealed that as expected, 

general appearance of strawberry fruits was de-

creased with the prolongation of storage period 
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and shelf life and the GA score dropped gradually 

from excellent to good, fair, poor and unsalable (9 , 

7, 5, 3, 1). Similar results were reported by 

Shehata et al (2009). The decrease of GA during 

storage period might be due to a slight dryness of 

calyx surface, instead of translucency or macro-

scopic decay and changes of color. 

 

 

 

Table 3. Effect of active and passive modified atmosphere packaging on general appearance (score) of 

strawberry fruits during storage at 0˚C, with an additional 2 days at 10C˚ in 2013-2014 and 2014-2015 

seasons. 

 

Treatments 

Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 9.00 a 9.00 a 9.00 a     9.00 a 8.33 ab  7.67 ab 8.67 A 

MAP2 9.00 a 9.00 a 9.00 a 8.33 ab 7.67 ab 5.00 d 8.00 B 

Passive MAP 9.00 a 9.00 a 9.00 a 8.33 ab  7.00 a-c 3.00 e 7.56 C 

control 9.00 a 9.00 a   8.33 ab 7.67 ab  7.00 a-c 1.67 f 7.11 D 

Mean  9.00 A  9.00 A  8.83 A 8.33 A 7.50 B  4.33 C  

    2014-2015 

MAP1 9.00 a 9.00 a 9.00 a 9.00 a 9.00 a   8.33 ab 8.89 A 

MAP2 9.00 a 9.00 a 9.00 a  8.33 ab   7.00 a-c   5.00 cd 7.89 B 

Passive MAP 9.00 a 9.00 a 9.00 a  7.67 ab   6.33 bc 3.00 e 7.33 C 

control 9.00 a 9.00 a   8.33 ab  7.67 ab   5.00 cd 1.00 f  6.67 D 

Mean  9.00 A  9.00 A  8.83 A 8.17 A  6.83 B   4.33 C  

Values with capital letters in the same column and the same row are not statistically different. Small letters for interaction, according to 

Duncan
,
 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.           Passive MAP = passive modified atmosphere packaging 

 

 

 

There were significant differences between 

MAP treatments and control in general appearance 

score during storage and shelf life; moreover, ac-

tive MAP were better than passive MAP or un-

treated MAP (control). The results proved that ac-

tive MAP1 was the most effective treatments for 

maintained general appearance during storage 

and shelf life of strawberry fruits. Active MAP2 

treatment had slight effects on GA preservation 

during storage and shelf life. These results are in 

agreement with those obtained by Jouki and 

Khazaei (2012) who found that strawberries kept 

in modified atmosphere maintained appearance 

better than those that packages under air. The 

lowest values of GA score was recorded with un-

treated MAP (control). These results were true in 

the two seasons.  Previous studies showed that 

MAP delay senescence of strawberry fruits (Jouki 

& Khazaei, 2012 and Oliveria et al 2015). MAP 

made a significant contribution on extending the 

postharvest longevity of strawberry fruits having a 

high rate of postharvest water loss (Ozkaya et al 

2009).Water saturated atmosphere within the 

packages controlled water loss and delayed se-

nescence in the absence of water stress and 

thereby extended postharvest longevity of straw-

berry fruits (Raid and Jeffrey, 2005). 

Besides, MAP can effectively inhibit the cell 

permeability increasing. Therefore, the shelf life of 

strawberry was increased accordingly (Zhang et al 

2007) 

The interaction between MAP treatments and 

storage period was significant, however, strawber-

ry fruits packed in polypropylene film with active 

MAP1 showed the best appearance, and they did 

not exhibit any changes in their appearance till 12
th
 

days at 0˚C +2 days at 10˚C and gave product with 

good appearance after 15 days of storage at 0˚C + 

2 days at 10˚C, while MAP2 treated fruits had good 

appearance until 12 days at 0˚C +2 days at 10˚C 

then dropped to fair level at the end of storage 

period. On the other hand, untreated MAP (control) 

resulted in poor appearance after 15 days of stor-

age at 0˚C + 2 days at 10˚C.These results were 

true in the two seasons and agreed with those of 

Oliveira et al (2015) 
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4. Texture 

 
Texture of strawberry fruits was continuously 

decreased with the extending of storage period 

plus shelf life as presented in Table (4). These 

results were in agreement with those obtained by 

Shehata et al (2009); Ozkaya et al (2009) and 

Jouki & Khazaei (2012). The decline in fruit tex-

ture may be due to the gradually breakdown of 

proto-pectin to lower molecular fractions which are 

more soluble in water and this directly correlated 

with the rate of softening of the fruits (Wills et al 

1998). 

Concerning the effect of MAP; data revealed 

that all treatments had significantly greater fruit 

texture as compared with untreated MAP (control). 

However, active and passive MAP retained their 

fruits texture during storage and shelf life as com-

pared with untreated control. Moreover strawberry 

fruits stored in active MAP1 or MAP2, were the 

most effective treatments in reducing  the  loss  of  

 

Table 4. Effect of active and passive modified atmosphere packaging   on texture (g/cm
2
) of strawberry 

fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 seasons 

 

Treatments 

Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 20.00 a 19.67 a 19.33 ab  18.33 a-d  17.33 b-e   17.00 c-e 18.61 A 

MAP2 20.00 a 19.67 a 19.33 ab  18.00 a-d 17.00 c-e   16.67 c-e 18.44 A 

Passive MAP 19.67 a   19.33 ab 19.00 ab 16.33 de   15.67 de 15.33 e 17.56 B 

Control 19.67 a   19.33 ab   17.33 b-e 15.67 de   14.33 e 13.00 f 16.56 C 

Mean  19.83 A  19.50 AB      18.75 B 17.08 C   16.08 D   15.50 E  

    2014-2015 

MAP1 19.67 a 19.33 ab 19.00 a-c  18.67 a-e 18.00 a-e     17.00 de 18.61 A 

MAP2 19.67 a 19.33 ab 19.00 a-c  18.00 a-e 17.67 b-e     16.67 e 18.39 A 

Passive MAP   19.33 ab 19.00 a-c 18.67 a-d 17.00 de   15.33 e     14.33 f    17.28 B  

control   19.33 ab 19.00 a-c 18.00 a-e 15.00 ef   14.00 e     12.33 g 16.28 C 

Mean  19.50 A   19.17 A 18.67 A 17.17 B   16.25 C     15.08 D  

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.   Passive MAP = passive modified atmosphere packaging 

 

 

 

 

fruit texture with no significant differences between 

them, passive MAP was less effective in reducing 

the loss of fruit texture, while the lowest values of 

texture were found in untreated MAP (control). 

These results were in agreement with those ob-

tained by Ozkaya et al (2009) and Jouki & 

Khazaei (2012). 

The favorite effect of MAP in maintained fruits 

texture could be due to that active MAP can effec-

tively inhibit the permeability of cell membrane 

(Zhang et al 2007), consequently the fruit texture 

was maintained during storage. In the meantime, 

Harker et al (2000) and Attia (2005) found that 

CO2 treatment enhanced firmness of strawberry 

fruits. they added that firmness enhancement is 

due to an increase in the strength of cell to cell 

bonding; and changes in conductivity of the a 

poplast, but not of the symplast, which occur dur-

ing CO2 treatment. They also stated that mecha-

nism for CO2 enhancement of firmness is associ-

ated with changes in the pH of the poplast. 

Shehata et al (2009) reported that strawberry fruits 

stored in MAP are firmer than those stored in air. 

Therefore, any treatment capable of delaying sof-

tening is potentially helpful to extend the posthar-

vest life and maintain the product quality.  

The interaction between MAP treatments and 

storage period was significant in the two seasons. 

It is worth noting that active MAP1 or MAP2 main-

tained the fruit texture for 15 days at 0˚C + 2 days 

at 10˚C, however, passive MAP treatment main-

tained the texture for 6 days at 0˚C + 2 days at 

10˚C from storage, then lost more rapidly until the 

end of storage. 
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5. Titratable acidity: (TA) 

 

Data in Table (5) showed that titratable acidity 

content of strawberry fruits was decreased with the 

prolongation of storage period and shelf life for all 

treatments. These results agreed with those ob-

tained by Khreba et al (2014). This reduction in 

fruit acidity during storage might be attributed to 

the rate of oxidation of pyruvic acid and other acids 

to carbon dioxide (Wills et al 1998). 

There were significant difference between MAP 

treatments in TA content during storage period and 

shelf life. However, strawberry fruits packed in Ac-

tive MAP1 was significantly higher in TA as com-

pared with other treatments or untreated MAP 

(control). Active MAP2 or Passive MAP were less 

effective in reducing TA loss during storage and 

shelf life with no significant differences between 

them. The lowest values of TA content resulted 

from untreated MAP (control). These results were 

true in the two seasons of the study. Besides they 

were in agreement with those obtained by Jouki 

and Khazaei (2012) and Khreba et al (2014) who 

found that strawberry fruits stored in MAP exhibited 

the highest TA content during storage. These re-

sults might be attributed to that active MAP (low O2 

and high CO2) might slowing down the strawberry 

respiration rate; therefor it can delay in the use of 

organic acid in the enzymatic reaction of respira-

tion (Zhang et al 2007) which can result in an al-

tered flavor character. Also, Mohammadi and 

Hanafi (2014) found that the acidity of strawberry 

fruits stored under MAP decreased slightly. 

 

 

 
 

Table 5. Effect of active and passive modified atmosphere packaging on titratable acidity (%) of strawberry 

fruits during storage at0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 seasons. 

 

Treatments 

Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 1.000 a 0.970 ab 0.940 a-c 0.914 a-d 0.902 a-d  0.891 a-d 0.936 A 

MAP2    0.950 a-c  0.911 a-d 0.902 a-d 0.883 a-d 0.865 a-e  0.840 b-e 0.892 B 

Passive MAP    0.938 a-d  0.903 a-d 0.882 a-d 0.863 a-e 0.832 b-e  0.815 b-e 0.872 B 

Control   0.940 a-c  0.890 a-d 0.840 b-e   0.810 c-e   0.780 de    0.710 e 0.828 C 

Mean 0.957 A  0.919 AB 0.891 BC  0.868 B-D  0.845 CD 0.814 D   

    2014-2015 

MAP1  1.021 a  1.000 a-c      0.970 a-c 0.920 a-d 0.870 a-e    0.852 a-e 0.939 A 

MAP2  1.011 ab 0.903 a-d  0.882 a-d 0.845 a-e 0.812 a-e   0.774 c-e 0.871 B 

Passive MAP  1.008 ab 0.907 a-d  0.865 a-e 0.815 b-e 0.782 c-e  0.741 de 0.853 B 

control  0.970 a-c 0.871 a-e  0.842 a-e 0.791 a-c   0.700 de    0.650 e 0.804 C 

Mean  1.003 A 0.920 AB     0.890 B 0.843 BC  0.791 CD  0.754 D   

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.     Passive MAP = passive modified atmosphere packaging 

 

 

The interaction between MAP treatments and 

storage period were significant in the two seasons. 

In general, strawberry fruits packed in active MAP1 

resulted in maintaining TA during all storage peri-

ods. 

 

6. Ascorbic acid  

 

It is clear from Table (6) that ascorbic acid con-

tent of strawberry fruits was significantly decreased 

with the prolongation of storage period in the two 

seasons. Similar results were obtained by Mo-

hammadi and Hanafi (2014). The decrease in 

ascorbic acid during storage might be to the higher 

rate of sugar loss through respiration than water 

loss through transpiration (Wills et al 1998). 

Concerning the effect of MAP treatment, data 

revealed that active and passive MAP were effec-

tive on preventing ascorbic acid degradation during 

storage and shelf life as compared with untreated 
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MAP(control). Moreover, strawberry fruits stored in 

active MAP1 or MAP2 were significantly higher in 

ascorbic acid content during storage period and 

shelf life with significant differences between them. 

Passive MAP had slight effect on ascorbic acid 

preservation. On the other hand, the lowest value 

of ascorbic acid resulted from untreated MAP (con-

trol). Similar results were obtained by Khreba et al 

(2014) who found that strawberry fruits stored at 

MAP prevent ascorbic acid degradation during 

storage. Moreover, high CO2 treatment retarded 

the change in ascorbic acid content of pepper fruits 

during storage (Akbudak, 2008). Strawberry fruits 

packed in MAP reduced respiration rate and vital 

process, thus reducing the loss of ascorbic acid 

during storage (Mohammadi and Hanafi, 2014) 

As for the interaction between MAP treatments 

and storage period, data revealed that strawberry 

fruits stored in active MAP1 was the most effective 

treatment after 15 days at 0˚C +2 days at 10˚C in 

reducing ascorbic acid loss in both seasons. 

7. Anthocyanin  

 

Anthocyanin content of strawberry fruits was 

significantly increased during storage period and 

shelf life (Table 7). These results were in agree-

ment with those obtained by Jouki and Khazaei 

(2012) and Oliveira et al (2015) who found that 

fruits became redder and darker along the storage 

time, due to synthesis of anthocyanin, a pigment 

contributing to the red color in strawberry. 

Concerning the effect of MAP, data recorded 

that strawberry fruits stored in MAP1 gave the low-

est values of anthocyanin content, indicating that 

decrease in color development and the fruits be-

come less redness. On the contrary, passive MAP 

and untreated MAP (control).treatment gave the 

highest values of anthocyanin, which developed 

more redness. These results were in agreement 

with Jouki and Khazaei (2012) detected lower 

anthocyanin concentration in strawberry fruits 

stored in modified atmosphere. Also Jouki and 

Khazaei (2012) found that changes in color of  

 

 

 

Table 6. Effect of active and passive modified atmosphere packaging on L ascorbic acid (mg/100g F.W) of 

strawberry fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 

seasons 

 

Treatments 

Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 103.20 a 102.90 a 101.90 ab 97.20 cd 95.30 de 90.80 fg 98.55 A 

MAP2 103.00 a 102.20 ab 101.40 ab 95.80 d 91.90 f 86.30 h 96.77 B 

Passive MAP 102.30 ab 101.50 ab 100.30 ab 92.70 ef 88.20 gh 80.90 i 94.32 C 

Control 101.40 ab 99.40 bc 96.10 d 90.30 fg 82.70 i 74.20 j 90.68 D 

Mean 102.48 A 101.50 A 99.93   B 94.00 C 89.53 D 83.05 E  

2014-2015 

MAP1 101.30 a 101.00 a 100.10 a 96.97 a-d 91.47 e-g 88.90 gh 96.62 A 

MAP2 101.10 a 100.20 a 99.30 ab 95.57 b-e 89.50 g 83.57 i 94.87 B 

Passive MAP 100.40 a 99.40 ab 98.10 a-c 93.23 d-g 84.70 hi 79.00 j 92.47 C 

control 99.50 ab 97.50 a-d 94.30 c-f 90.03 fg 83.40 ij 74.20 k 89.82 D 

Mean 100.58 A 99.53 AB 97.95 B 93.95 C 87.27 D 81.42 E  

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.      Passive MAP = passive modified atmosphere packaging 
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Table 7. Effect of active and passive modified atmosphere packaging on anthocyanin content (mg/100 g 

F.W.) of strawberry fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-

2015 seasons 

 

Treatments 

Storage period (day) 

2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1 45.00 j   60.30 g-j 74.00 fg 78.40 e-g 80.00 d-f 82.00 de 69.95 D 

MAP2  45.30 ij 63.60 fi  79.50 d-f  94.10 a-e  94.10 a-e  96.20 a-e 78.80 C 

Passive MAP  45.60 ij 64.20 fh   81.40 b-e  97.00 a-d   104.00 a-e 108.0 ab 83.37 B 

Control    46.10 h-j 74.00 fg   97.20 a-d   100.00 a-c  109.00 ab 116.00 a 90.38 A 

Mean  45.50 E    65.53 D 83.03 C    92.38 B  96.78 AB  100.55 A   

        2014-2015 

MAP1   39.60i  43.00 hi 50.10 f-i 58.30 fg 75.00 de  89.00 b-d 59.17 D 

MAP2   40.10i   45.00 g-i 62.00 ef 74.00 de 80.00 cd 91.00 bc 65.35 C 

Passive MAP   40.50i   58.00 f-h 75.90 de 92.60 bc    94.60 b 96.80 ab 76.40 B 

control   39.50i     58.33fg 77.20 de 96.00 ab   104.00 ab 111.20 a 81.03 A 

Mean    39.93 F     51.08 E    66.30 D    80.22 C    88.40 B   97.00 A   

Values with capital letters in the same column and the same row are not statistically different. Small letters for interac-

tion, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.    Passive MAP = passive modified atmosphere packaging 

 

 

 

 

strawberry fruits during storage preceded more 

slowly in MAP treatment, however, the color of 

fruits stored at air, changed rapidly. This might be 

due to that MAP treatment might reduce respira-

tion rate and inhibit certain ripening processes 

which diminished (lower) the synthesis of anthocy-

anin (Raid and Jeffrey, 2005). 

The favorable effect of MAP treatment in reduc-

tion of anthocyanin loss of fruits may be due to that 

MAP would partially inhibit the increase of poly-

phenol oxidase, which is associated with the deg-

radation of anthocyanin (Ibrahim et al., 2005). 

The interaction between MAP and storage pe-

riod had a significant effect on fruit anthocyanin's 

content. In this regard, the lowest value of antho-

cyanin content was recorded in strawberry fruits 

stored in MAP1 after 15 days at 0˚C + 2 days at 

10˚C.  

 

8. Total sugars 

 

 Results in Table (8) showed that total sugar 

content of strawberry fruits was decreased with the 

prolongation of the storage period. These results 

were in the same line with those obtained by 

Khreba et al (2014). This reduction might be due 

to sugar loss through respiration (Wills et al 1998). 

There were significant differences between 

MAP treatments in total sugars content during 

storage and shelf life. Moreover, strawberry fruits 

packed in MAP at the two concentrations resulted 

in maintain total sugar content. However, active 

MAP1 was the most effective treatment in reducing 

total sugars loss. These results were in agreement 

with those obtained by Ozkaya et al (2009) and 

Jouki and Khazaei (2012) who found that straw-

berry fruits stored under MAP increased glucose 

content as compared with control.  The lowest  

values of total sugar content were recorded with 

untreated MAP (control). Strawberry fruits stored 

under MAP might reduce respiration rate, there-

fore, it can delay the use of total sugars in the en-

zymatic reactions of respiration (Ozkaya et al 

2009). 

The interaction between MAP treatment and 

storage period had significant effect on total sugar 

content. In this regard, after 15 days of storage at 

0˚C + 2 days at 10˚C, the highest values of total 

sugar content was recorded in fruits stored under 

MAP1. 
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Table 8. Effect of active and passive modified atmosphere packaging on total sugars (%) of strawberry 

fruits during storage at 0˚C, with an additional 2 days at 10˚C in 2013-2014 and 2014-2015 seasons 

 

Treatments 

Storage period (day) 

                                                          2013-2014 
Mean 

0+2 3+2 6+2 9+2 12+2 15+2 

MAP1     7.39 a 7.23 a-c 7.11 a-c    7.00 a-d 6.90 a-e  6.72 a-e 7.06 A 

MAP2  7.28 ab 7.00 a-d 6.64 a-e 6.28 a-f 6.02 a-f 5.83 a-f    6.51 B 

Passive MAP     7.00 a-d 6.50 a-f 6.00 a-f 5.72 c-g 5.51 d-g    5.00 fg    5.96 C 

control     6.92 a-e 6.33 a-f 5.82 b-f 5.41 e-g    5.00 fg    4.20 g    5.61 D 

Mean     7.15 A  6.77 AB  6.39 BC    6.10 C 5.86 CD 5.44 D  

       2014-2015 

MAP1  6.90 a      6.74 a 6.51 ab 6.30 a-c 6.10 a-d 5.94 a-d 6.42 A 

MAP2  6.70 a  6.34 a-c  6.02 a-d 5.71 a-e 5.42 a-f 5.10 b-f 5.88 B 

Passive MAP    6.52 ab  6.00 a-d 5.41 a-f 5.33 a-d 4.84 c-f    4.32 ef 5.40 C 

control     6.33 a-c 5.84 a-e 5.31 a-f 5.00 b-f 4.51 d-f    4.00 f 5.17 D 

Mean   6.61 A  6.23 AB  5.81 BC    5.59 C  5.22 CD    4.84 D  

Values with capital letters in the same column and the same row are not statistically different. Small letters for  

interaction, according to Duncan
,

 s multiple range test. 

MAP1 = modified atmosphere packaging at 7.5% O2 + 15% CO2. 

MAP2 = modified atmosphere packaging at 10% O2 + 10% CO2.        Passive MAP = passive modified atmosphere packaging 

 

 

CONCLUSION 

 

From the previous results, it could be conclud-

ed that storage of strawberry fruits at active MAP 

of 7.5% O2+ 15% CO2 improved storability of fruits, 

maintaining fruit quality and gave fruits with agood 

appearance till 15 days at 0˚C + 2 days at 10˚C 

without decay. 
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