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Abstract 

The main goal of this research was to evaluate the effect of modified atmosphere packaging (MAP) 
in “bag-in box” with two type Xtend® films: microperforated films (XF1) and macroperforated films (XF2) 
compared to perforated polyethylene (PE) liner as control, on quality parameters and antioxidant activities 
of mini sweet peppers fruits (Capsicum annuum subsp microcarpum) (Tinkerbell green, Sweetbite orange 
and Tinkerbell red) during 14 d storage at 7 °C plus 3 d at 20 °C (shelf life). Concentration of CO2 in the 
XF1 packaging increased to 1.8-2.2% at 7 °C storage, and further to 4.7–5.0% at the additional shelf-life at 
20 oC. This treatment also retarded ripening, senescence, and post harvest decay. This study confirms that 
mini sweet peppers possess significant amounts of antioxidant activity (AA), which may be maintained 
during storage. Genetic differences appeared to be responsible for some of the quality differences between 
the three cultivars. The results show that packing mini sweet pepper fruits in XF1 microperforated films for 
bulk packaging can be used for long-distance shipments.  

 
Keywords: Capsicum annuum, MAP, XF-liners, packaging, weight loss, color change, external 
appearance, decay, antioxidant 

 
1.  Introduction  

Pepper (Capsicum annuum L.) is an important vegetable crop worldwide and can be 
consumed in many colors green, red, yellow, orange, or brown when ripe (ILIĆ & al, 2014 
[1]). The red pepper had significantly higher total phenolics content than the green pepper and 
relevant impact on the carotenoids content (MARIN & al, 2004 [2]). Peppers are rich in both 
hydrophilic antioxidants, such as vitamin C, and lipophilic ones, such as carotenoids and 
vitamin E (ILIĆ & al, 2012a [3]; ILIĆ & al, 2012b [4]) with potential health-promoting properties 
(BAE & al, 2012 [5]). As major postharvest limiting factor in bell pepper is its relatively short 
shelf life of only one to two weeks which requires the use of air rather than sea transport for 
export of peppers to lucrative distant markets (MAALEKUU & al, 2003 [6]). The storage life 
of pepper fruit is limited by physical decay and rapid senescence (BAYOUMI, 2008 [7]), 
water loss (DIAZ-PEREZ & al, 2007 [8]), and susceptibility to chilling injury (FALLIK & al, 
2009 [9]). Pepper fruit cannot be stored at the low temperatures necessary to slow 
physiological activities (rate of respiration, ripening, etc.), because of chilling injury 
development. At temperatures below 7°C, within several days chilling injuries appear and are 
associated with severe pitting, weight loss, calyx darkening and decay development (LIM & 
al, 2007[10]). Extensive work has been done on various storage methods of bell peppers, 
ranging from CA-controlled atmosphere storage (ÖZDEN & BAYINDIRLI, 2002 [11]), 
MAP-modified atmosphere packaging (SALKADAŞ & KAYNAŞ, 2010 [12]), to the use of 
individual shrink packaging (ILIĆ & al., 2012b [4]). The most effective method of 
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maintaining quality and controlling decay of peppers is by rapid cooling after harvest 
followed by storage at optimum temperature (7-10°C) with a high relative humidity 95-98% 
(KADER, 2002 [13]). Hot water rinsing while brushing (HWRB) bell peppers immediately 
after harvest at 55°C for 12 s significantly reduced decay incidence, while maintaining fruit 
quality, compared with untreated fruit (FALLIK, 2004 [14]). Yellow and orange pepper 
cultivars were found to be more susceptible to physiological and pathological deterioration 
than the red cultivars after prolonged storage (MAALEKUU & al, 2003 [6]). 

Under certain conditions, green peppers can begin to ripen, lose and change color during 
storage (ILIĆ & al, 2012a [3]). Packaging of peppers in polymeric films has been reported to 
reduce water loss (RAFFO & al, 2007 [15]), delay softening, and extend shelf life (FALLIK 
& al, 2009 [9]; ILIĆ & al, 2012b [4]). Modified atmosphere packaging (MAP) emerged in the 
1970s as a new technology that could extend the life of perishable agricultural produce 
(AHARONI & al, 2008 [16]). MAP has been used to prevent or retard postharvest fruit 
ripening and the associated biochemical and physiological changes, by favorably altering the 
O2 and CO2 levels around the products. The effectiveness of Xtend® films in maintaining 
quality of MA-packed fresh produce was greater than that of other commercially available films 
such as polyethylene, polypropylene, and polyvinyl chloride (AHARONI & al. 2007 [17]). 
Packaging of peppers in polymeric films has been reported to reduce water loss (RAFFO & 
al, 2007 [15]), delay softening, and extend shelf-life. Perforated films enable MAP to 
maintain H2O saturation with only slight change in O2 and CO2 concentrations. Inadequate 
levels of O2 and CO2 might occur very often in bulk packaging during prolonged cold storage 
or following transfer of the closed packages for distribution at higher temperature, even for a 
very short time. The problem of O2 depletion and CO2 accumulation to intolerable levels is 
more severe in bulk packaging than in retail packaging, since the ratio between film surface 
area and produce weight in bulk packaging is smaller. The microperforated Xtend® 
packaging resulted in the formation of desirable modified atmospheres that retarded ripening 
and senescence of the produce. Using hydrophilic Xtend® films manufactured from various 
proprietary blends of polyamides with other polymeric and non-polymeric compounds 
allowed achieving in-pack relative humidity that prevented accumulation of condensed water 
on the produce. A beneficial modified atmosphere was achieved in the package by micro 
perforation of the film. Additional beneficial effects of Xtend® films included reduction of 
decay and chilling injury, tissue discoloration, off-flavor, and inhibition of bacterial growth 
on the produce surface (AHARONI & al, 2008 [16]). Nevertheless, in all these studies quality 
evaluation has been focused on external attributes, whereas only few studies have focused on the 
compositional and internal quality changes of peppers during storage (RAFFO & al., 2007 [15]).  

The aims of this study were to evaluate the water loss, color, decay, external 
appearance, antioxidant activity of three commercial mini sweet pepper cultivars held for two 
weeks storage (at 7°C), and shelf life simulation (3 d at 20°C) to evaluate possible effects of 
different modified atmosphere packaging’s (MAP). 

 
2.  Material and methods  
2.1. Plant material and cultivation 

Physiologically mature fruits of three types of mini sweet peppers Capsicum annuum 
subsp. microcarpum (Tinkerbell green, Sweetbite orange and Tinkerbell red) were harvested 
for the experiment during the winter season from a commercial plastic house in the desert 
region in Israel. Cultural practices, such as land preparation, planting and plant protection for 
the crop, were as is the standard in this area. After harvest, healthy fruits of uniform size 
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(25±2.1 g weight) and shape without any mechanical injury or external defects were selected 
for the experiment. After harvest, fruits were placed on commercial equipment for cleaning 
and disinfecting. A unique and rapid method HWRB - Hot Water Rinsing and Brushing for 
simultaneously rinsing and disinfecting sweet peppers using hot water with 55 ± 1 oC for 12 ± 
2 s was used (FALLIK, 2004 [13]).  
2.2. Packaging materials. Two types of Xtend® films were used: XF1 and XF2(permeance 
to water vapor : 18×10–10 and 6 × 10–10 mol/s/ m2 /Pa and oxygen permeance was 48×10-14 
and 24×10-14 mol s-1 m-2 Pa-1, respectively). Due to the very low gas transmission rate of the 
XF films to both O2 and CO2, the actual gas transmission characteristics of the packages were 
determined by microperforations. The total perforated area relative to film surface, was in the 
range of 0.00012-0.0012% and 0.19% for microperforated and macroperforated films, 
respectively. Polyethylene (PE) packaging (60 µm thick) was used as a control to XF 
packaging. Water vapor and O2 permeance of non-perforated PE film were about 11.8 × 10–11 and 
35 × 10–12 mol/s/m2/Pa, respectively. 

Four kilograms of different mini sweet pepper cultivars were packed in different types 
of plastic film packages to create modified atmosphere packaging (MAP) in “bag-inbox”. The 
permeability of the PE liner can be increased by adding holes (40 perforations, each 2 mm in 
diameter) and were required to reduce in-pack RH. 
2.3. Storage condition. After packaging, all fruits were stored for 14 d at 7°C and 90% RH in 
the dark. For each pepper cultivar and type of packaging, there were 4 replicates (20 fruits 
make up a replicate were subsampled from a larger ‘bag-in-box’ packaging). After 14 d 
storage at 7°C, fruits were taken out and stored at 20°C to study the shelf-life. Analyses were 
performed after 3 d at 20°C. 

Samples of the headspace atmosphere within the packaging were taken periodically 
during cold storage and shelf life, testing for O2, CO2. Gas samples were withdrawn with a 
syringe thought a septum in the packaging and were injected into gas chromatographs 
equipped with flame ionization and thermal conductivity detectors. 
2.4. Quality traits. Fruit quality parameters were evaluated immediately after harvest, and at 
the end of 14 d storage at 7°C and RH ~94%, plus 3 d at 20°C (RH ~70%) as follows: 

2.4.1. Weight loss (WL) was expressed as percentage of weight loss from the initial 
weight of fruits. 

2.4.2. Change in skin color was rated at end of storage and shelf-life using a hedonic 
scale of 1 to 3 (1-uniformly green; 2-more green than red; 3-equally green and red). Color 
change (%) represent as percentage changes (following scale 2-more green than red). 

2.4.3. Decay was expressed as a percentage of the total initial fruit number.Fruit was 
considered decayed once visible fungal mycelia appeared on the peel or calyx.  

2.4.4. Changes in the overall external appearance was evaluated by a jury of 5 
persons as: 1-unusable, 2-unsalable, 3-salable, 4-good, 5-very good. 

 
2.5. Extraction of hydrophilic and lipophilic fractions and their antioxidant activity 

The antioxidant activity was measured using a modified version of the 2,2'-azinobis 
(3-ethylbenzothiazoline-6-sulphonate) (ABTS) discoloration method (VINOKUR & RODOV 
2006 [18]). Hydrophilic and lipophilic fractions were isolated from fresh samples without 
preliminary drying by stepwise extraction with acetate buffer, acetone and hexane, and 
repeated partition of water-soluble and water-insoluble portions. Antioxidant activity was 
evaluated by decolorisation of the ABTS+ radical cation. The radical was generated in 
acidified ethanol medium to allow the activities of both hydrophilic and lipophilic 
antioxidants. The final reaction mixture contained 150 µmol of ABTS and 1.77 mm of 
2,2'-azobis (2- amidinopropane) dihydrochloride in acidified ethanol (249 mL ethanol 99.9% 
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plus 250 µL H2SO4). Incubation of the reaction mixture at 45°C for 60 min was sufficient  for 
ABTS+ generation. The obtained stock solution of ABTS+ can be stored for at least 2 days at 
4°C without significant loss of its properties. The decolorization test was performed in plastic 
cuvettes by adding 10 µL of test sample to 1 mL of acidified ethanolic solution of ABTS+ and 
comparing the optical density at 734 nm after 15 min of incubation at room temperature with 
that of a blank sample. Final results were calculated using the comparison between the 
absorbance of the samples and the absorbance of the standard (±)-6-Hydroxy-2,5,7,8- 
tetramethylchromane-2-carboxylic acid (Trolox). The antioxidant levels in the samples were 
determined as Trolox equivalents (TE) according to the formula: 

TE (Asample - Ablank) / (Astandard - Ablank) x C standard, 
where A is the absorbance at 734 mM and C is the concentration of Trolox (mM). To 
calculate the TE antioxidant capacity (TEAC) per weight of plant tissue, we used the formula: 

TEAC (mmolTE/mg) = (TE x V) / (1000 x M), 
where V is the final extract volume and M is the amount of tissue extracted. 
 
2.6. Statistical analysis 

All data were subjected to one or two-way statistical analysis at p = 0.05 using JMP6 
Statistical Analysis Software Program (SAS Institute Inc, Cary, NC, USA). 
 
3.  Results and discussion  

XF1 (microperforated film with 0.002% perforated area) that maintained CO2 and O2 
concentrations of 1.8-2.3 and 18-19%, respectively, inside the package was much more 
effective in reducing the development of disorders (surface pitting, water-soaked areas, decay 
(especially Alternaria), and discoloration of the seed cavity; CANTWEL, 2005 [19]), than 
XF2 (macroperforated film with 0.06% perforated area), which maintained CO2 and O2 
concentrations of 0.6-0.7 and 19-20%, respectively (Table 1). 

 
Table 1: Concentration of O2 and CO2  during storage of mini sweet peppers in different  type of packages  

at 7°C for 14 d and 3 d at 20°C (shelf-life period) 
 

Temperature                                                       14 d at 7 oC 3d  at 20 o C 
Days of storage                         4                            8                          14             17 

                                       O2         CO2                  O2         CO2               O2           CO2        O2           CO2 
PE 20.0a 0.08d 19.6a 0.2c 20.1a 0.3c 20.1a 0.6c 
XF 1 18.2b 2.2b 18.4b 1.4b  18.5b 2.2b 15.0c 5.0a 

 
Tinkerbell  

green XF 2 19.4a 0.7c 19.0a 0.6c 19.8a 0.6c  19.0a 1.8b 
PE 20.1a 0.2c 19.9a 0.2c 20.3a 0.3c 20.0a 0.8c 
XF 1 18.5b 1.9b 18.2b 2.0b  18.9b 1.8b 16.4c 4.8a 

 
Sweetbite 

orange XF 2 19.6a 0.9c 19.2a 0.3c 19.7a 0.7c  19.1a 1.6b 
PE 19.9a 0.1c 19.3a 0.2c 19.9a 0.3c 19.8a 0.7c 
XF 1 18.0b 2.3b 18.5b 1.0b 18.6b 1.8b 15.7c 4.7a 

 
Tinkerbell  red 

XF 2 19.3a 0.6c 19.1a 0.5c 19.7a 0.6c  19.0a 1.7b 
 

Type of packaging: (PE)–polyethylene; (XF1)-Xtend microperforated; (XF2)-Xtend macroperforated 
Values followed by the same letter do not significantly differ between the treatments, 
 at P = 0.05 according to Duncan’s multiple range test. 

 
After 14 d at 7 ºC plus 3 d at 20 ºC (shelf life) inside XF2 and PE packages obtained a 

low CO2 level compared to the XF1 packaging, where the level of CO2 increased and 
maintained a concentration of about 5% (Table 1). 
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MANOLOPOULOU & al. (2010) [20] safely stored the capsicum with in package O2 
concentration in the range of 8-16.5% at a temperature of 10oC and 10.5-17.5% at a 
temperature of 5°C, whereas CO2 in package concentration remained in the range of 2-5% at 
both the temperatures. They recommended the optimum in package O2 concentration not <2% 
and CO2 concentration in range of 2-5%, for better quality produce. 

The loss of green color in green pepper fruit is a gradual loss in intensity of color from 
deep green to lighter green, with the development of yellow or red pigments (turning fruit). 
The elevated concentrations of CO2 (5% during shelf life) in XF1 packages were found to be 
effective in retarding the ripening and senescence processes (thus, after storage and shelf-life 
in XF1 liners we found only 3% of turning fruits). Postharvest storage of green bell pepper at 
7°C cannot delay fruit ripening or retard color development, without treatment with 1-MCP 
(ILIĆ & al, 2012a [3]), but our results suggest that MA with XF1 is clearly effective in 
delaying the rate of color development in green pepper fruit (Figure 1). 

 
Figure 1. Effect of modified atmosphere packaging using different type of films on color change in Tinkerbell 

green pepper fruit after 14 d storage at 7°C and 3 d at 20°C 
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*Color change represent as percentage changes of total fruit (following scale 2-more green than red color). 
Values followed by the same letter within a cultivar do not significantly differ between the treatments at P = 0.05 according 
to Duncan’s multiple range test (n=4),  
Vertical bars indicate SE of the means. 
(PE)–polyethylene ;  (XF1)-Xtend microperforated ;  (XF2)-Xtend macroperforated 
 
 

At the optimal storage temperature of 7°C, pepper fruits in bulk packaging (PE 
perforated liners) showed minimal levels of weight loss (0.5-0.9% depend of cultivar) 
compared with the XF films. The development of elevated relative humidity inside a package 
due to respiration of products or use of materials having low permeability to water vapor 
(XF1) can cause condensation (PE) which can then lead to reduced quality and safety of the 
produce due to microbial proliferation (SCULLY & HORSHAM, 2005 [21]). In the present 
study, fruit weight loss in MAP was affected by the type of packaging liners and differences 
in cultivars characteristics. During storage, orange fruit weight decreased gradually and in 
XF-liners showed slightly higher weight loss (~2.5%) than green (~2.25%) and red fruits 
(~2.0%) Fig. 2. 
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Figure 2.  Effect of modified atmosphere packaging using different type of films on weight loss  
of mini sweet pepper fruit after 14 d storage at 7°C and 3 d at 20°C 
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Values followed by the same letter within a cultivar do not significantly differ between the treatments at P = 0.05 according 
to Duncan’s multiple range test (n=4),  
Vertical bars indicate SE of the means. 
(PE)–polyethylene;  (XF1)-Xtend microperforated;  (XF2)-Xtend macroperforated 

 
These results with maximum permissible weight loss in mini sweet pepper was much 

less than in literature (5-7%). Although PE prevented weight loss of fruit but it allows water 
condensation inside the bags which accelerate the post harvest decay. In the present study, 
fruit weight loss in MAP was affected by the type of packaging liners and cultivars. Fruit 
weight loss is a function of fruit surface area rather than fruit fresh weight. The weight loss 
rate declined with increases in fruit size (DIAZ-PEREZ & al., 2007 [8]). Sweet pepper quality 
attributes such as texture, decay incidence and external appearance (characterized by size, 
shape, uniform color, calyx freshness and absence of defects) are important criteria for 
determining market quality and consumer acceptance. Postharvest weight loss rate in pepper 
fruit was closely associated with cultivar (MAALEKUU & al.  2003 [6]. 

Films with high-water-vapor barriers are essential for commodities with greater 
exposed surface per unit weight, such as mini sweet peppers, which have a faster rate of water 
loss. Stored fruits in PE-perforated packaging showed significantly lower external appearance 
(in all cultivars) in comparison with fruit stored in both XF liners (Figure 3). Genetic differences 
appeared to be responsible for some of the quality differences between the three cultivars. Sweetbite 
orange fruit are in general more susceptible than red and green cultivars to physiological and 
pathological deterioration during storage. These results are similar to the work of MAALEKUU 
& al. (2003) [6] who found that yellow and orange bell peppers cultivars are in general more 
susceptible than red cultivars to physiological degradation after storage. Packaging confirmed 
to be a useful tool for postharvest pepper quality maintenance, by preventing water loss and 
fruit softening, and without enhancing postharvest diseases (MANOLOPOULOU & al., 2010 
[20]). Sweetbite orange fruits experienced high decay incidence (26%). PE-packaged fruits 
showed significantly higher decay incidence (thinkerbell green and sweetbite orange) than 
fruits in XF-liners, primarily due to effect of humidity in the pathogen growth inside the PE 
packaging. Differences between XF liners also exist. Thus, in XF1 packaging the orange 
and red pepper fruit had the highest fruit decay at comparison with XF2.  
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Figure 3. Effect of different type of films on external appearance in mini sweet pepper fruit  
after 14 d storage at 7°C and 3 d at 20°C 
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Values followed by the same letter within a cultivar do not significantly differ between the treatments at  
P = 0.05 according to Duncan’s multiple range test (n=4),  
Vertical bars indicate SE of the means. 
(PE)–polyethylene ;  (XF1)-Xtend microperforated ;  (XF2)-Xtend macroperforated 

 
Figure 4. show differences between cultivars, thus, tinkerbell red fruit had the least decay 
with PE, XF1 and XF2. No major differences in calyx decay were found between the 
effectiveness of PE and XF packages in different cultivars of mini sweet pepper, despite the 
fact that XF prevents water condensation inside the bags. Therefore, the beneficial effect of 
XF microperforated liners in suppressing pathogen development at higher concentrations of 
CO2 (5%) and lower concentrations of O2 (15%) is indirect, through retardation of ripening 
and senescence. In the present study, we found that modified atmosphere packaging (MAP) in 
‘bag-inbox’ Xtend® (XF) liners extended the postharvest life. 

 
Figure 4.  Effect of modified atmosphere packaging using different type of films on decay fruit of  mini sweet 

pepper after 14 d storage at 7°C and 3 d at 20°C 
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Values followed by the same letter within a cultivar do not significantly differ between the treatments at P = 0.05 according 
to Duncan’s multiple range test (n=4),  
Vertical bars indicate SE of the means. 
(PE)–polyethylene ;  (XF1)-Xtend microperforated ;  (XF2)-Xtend macroperforated 
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The antioxidant activity (AA) of peppers depends on several factors including genetics, 
environmental conditions, production techniques used, stage of maturity and postharvest 
storage conditions (NORA & al., 2013 [22]). Pigments in the red pepper, carotenoids and 
flavonoids, contribute significantly to its AA, while the green pepper lacks these pigments 
(ILIĆ & al., 2012a[3]). SUN & al. (2007) [23] also indicated that green pepper had lower AA 
than the other colored peppers, thus the color of peppers may be an important characteristic 
reflecting its AA. The AA was higher in red than orange and green peppers only in lipophilic 
extracts. AA in green fruit immediately after harvest was 3.11 μM TE/g (0.30 lipophilic-LAA 
and 2.81 hydrophilic-HAA), in orange was 5.42 μmol TE/g fr.wt (1.04 LAA and 4.38 HAA) 
and in red cultivar total antioxidant activity (TAA) was 6.55 (2.14 LAA and 4.41 HAA). 
After 2 weeks storage at 7 oC and 3 days at 20 oC (shelf-life), TAA slowly decreased in all 
cultivars depending on film type of bulk packaging. After storage and shelf-life simulation, 
the value of TAA in red pepper fruit was 5.33 (2.13 LAA and 3.20 HAA) TEAC in XF1 liner 
and 5.44 TAA (2.21 LAA and 3.23 HAA) TEAC μmol TE/g fr.wt. in PE liner. These results 
indicate that there are no significant differences in antioxidant activity between types of film 
packaging in all cultivars, during storage and shelf life period. The LAA content did not show 
variations during storage, but the HAA in all cultivars slowly decreased. A similar trend in 
decrease of AA was observed in orange and green pepper cultivars as well (Table 2). 

 
Table . The influence of modified atmosphere packaging using different type of films on antioxidant activity 

(µmol TE g-1 fresh weigh) after 14 d at 7°C and 3 d at 20°C 
 

                                     Antioxidant activity - µmol TE g-1 fresh weigh 
                                     Lipophilic                                                    Hydrophilic  

                                    Harvest day  To 
Tinkerbell  green               0.30 ±0.05c*     2.81 ±0.20b 
Sweetbite orange               1.04 ±0.06b†     4.38 ±0.27a 

Tinkerbell red               2.14 ±0.10a     4.41 ±0.23a 

        Type of packaging           PE                       XF                     PE                    XF 
                                    After 14 d storage at 7 oC 

Tinkerbell  green 0.31 ±0.02c 0.35 ±0.03c       2.78 ±0.18b 2.84 ±0.22b 
Sweetbite orange 1.04 ±0.04b 1.01 ±0.06b     3.26 ±0.20a 3.27 ±0.28b 

Tinkerbell red 1.96 ±0.08a 2.11 ±0.14a     3.61 ±0.21a 3.77 ±0.30a 
                                    After  14 d storage at 7 oC + 3 d at 20 oC (shelf-life) 

Tinkerbell  green 0.41 ±0.04c 0.42 ±0.02c    2.13 ±0.22b 2.20 ±0.16b 
Sweetbite orange 1.17 ±0.10b 1.13 ±0.09b    2.95 ±0.24a 2.97 ±0.19a 

Tinkerbell red 2.21 ±0.14a 2.13 ±0.17a    3.23 ±0.28a 3.20 ±0.20a 
 

TE, Trolox equivalents          
Type of packaging :  (PE) –polyethylene ;  (XF1) - Xtend microperforated  
*Value are mean ± standard deviation (n = 4). 
†Values followed by the same letter do not significantly differ between the treatments  
at P = 0.05 according to Duncan’s multiple range test. 

 
The individually shrink-wrapped bell pepper fruit, following prestorage treatments 

with cold or hot water rinsing during three weeks storage at low temperature (2 oC), ripened 
normally with good sensory traits during the shelflife period when shifted to 20 oC after 
unwrapping (Ilić & al., 2012b) [4]. According to the results AVALOS & al. (2009) [24] , no 
changes were observed to the initial AA in mini sweet peppers (cv Cherry) at the end of 
storage (pepper fruits were stored at 10 ºC for 10 d covered with PVC film). VICENTE & al. 
(2005) [25] did not observe modifications in the antioxidant capacity at 12 d of storage at 
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10ºC in sweet peppers (cv. ‘Zafiro’). On the other hand, RAFFO & al. (2007) [15] informed a 
slight increase of ascorbic acid content in whole red peppers stored for 21 days at 7.5ºC. 

 
4.  Conclusion 

The effectiveness of XF films in maintaining quality and nutritional value of MA-
packed mini sweet peppers was greater than that of other commercially available films such 
as polyethylene. The microperforated XF1 packaging allowed the formation of a desirable 
modified atmosphere, retarding ripening and senescence of the fruits, reduced shriveling, 
preventing decay and maintain nutritional value. No major differences in antioxidant activity 
were found between the effectiveness of XF packages and polyethylene (PE) in different 
cultivars of mini sweet pepper during storage and shelf life. Our study confirms that mini 
sweet peppers contain significant amounts of AA, which may be preserved during storage. 
The information presented in this study can help promote the consumption of mini peppers in 
fresh form. 
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