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Purpose: The aim of this study was to find an appropriate polymer film, which could reduce the water condensation for 

pallet-size modified atmosphere packaging (MAP). Methods: Five different types of films were selected from several 

commercialized films. Prior to the real food storage test, plastic boxes with wetted plastic balls were used to simulate the 

high humidity conditions of real food storage. The initial MAP condition was 5% oxygen and 95% nitrogen, and the O2 

concentration, the relative humidity and water condensation inside the films were checked on a daily basis. The MAP test for 

tomatoes was conducted by using the most appropriate film from the five films examined in this study. Results: Every film 

except Mosspack® indicated a similar variation in the O2 concentration over the course of time. The relative humidity near 

the surfaces of all the films except nylon-6 approached saturation conditions over time. For three kinds of films, namely, 

low-density polyethylene (LDPE) film, anti-fogging oriented polypropylene (AFOPP) film, and Mosspack®, the inner 

surfaces of the films were fully covered with dew after a storage period of a day. Conversely, an area of 4.5% was covered 

with dew in the case of the poly lactic acid (PLA) film, and there was no dew inside the nylon-6 film. The pallet-size MAP test 

for tomatoes was conducted by using the nylon-6 film and there was no water condensation inside the nylon-6 film over 

three weeks of storage. Conclusions: During the pallet scale MAP, water condensation could cause severe fungal infection 

and wetting of the corrugated box. Hence, it was important to minimize water condensation. This study showed that the 

MAP films with high WVTR such as nylon-6 and PLA could reduce the water condensation inside the pallet scale MAP. 
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Introduction

Modified atmosphere packaging (MAP) is derived from 

the idea that decreasing the respiration rate of agricultural 

products can extend their shelf lives (Lee et al., 1996; 

Rodriguez-Aguilera and Oliveira, 2009). Aging of fresh 

food constitutes an oxidative breakdown of the food 

substrates, and thus lower O2 concentrations slow the 

oxidation rate and prolong the shelf life (Farber et al., 

2003). Higher CO2 concentration is also used for an 

antimicrobial effect on the MAP; it can also extend the 

shelf life (Beaudry, 2000; Church and Parsons, 1995; 

Gorrish and Peppelenbos, 1992; Iqbal et al., 2009; Kader 

et al., 1989; Ooraikul and Stiles, 1991, Farber et al., 2003). 

Hence, MAP is widely used for the preservation of fruits 

(Oliveira et al., 2015), vegetables (Helland et al., 2016), 

and meats (Rubio et al., 2016; Nair et al., 2015; Lim et al., 

2014). Given that the film for MAP perfectly blocks the 

gas, the oxygen inside the package is consumed and 

anaerobic respiration results in food with an undesirable 

taste, physiological change, and decay from fungi (Lee et 
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Table 1.  Information about the films tested

Films Thickness
Density

(g/cm
3
)

Manufacturer in Korea City

LDPE 120 µm 0.92 OK-Greenpack Ik-san

Anti-Fog OPP 30 µm 0.9 Visionmetal Inc. Seoul

Mosspack® 150 µm 0.9-1.1 Bosspack Co Seoul

Nylon-6 15 µm 1.16 Visionmetal Inc. Seoul

PLA 30 µm 1.24 Eco-Platec Co An-san

al., 2005). In addition to the transmission rate of gas, 

there are several important factors that influence the 

MAP including flexibility, strength, lightness, stability, 

moisture, chemical resistance, easy processability, and 

eco-friendliness (Mangaraj et al., 2009; Syverud and 

Stenius, 2009). The gas transmission rate of a film can be 

changed by the thickness and the perforation rates of the 

film (Park and Kang, 1998; Mistriotis et al., 2011). A 

controlled atmosphere (CA) storage is regarded as the 

only method to control the gas level within the recommended 

range with frequent gas injection or membrane filtration. 

However, MAP can maintain the gas level by the transmission 

rate of the film, considering the respiration rate of food.

If the temperature inside a bottle containing water is 

constant and stable, the relative humidity in the bottle is 

saturated. Nevertheless, there is no water condensation 

inside surface of the bottle. If this bottle is placed in a 

refrigerator, there will be water condensation inside the 

surface of the bottle owing to the temperature difference. 

Thus, in this case, the temperature inside a MAP is higher 

than that outside the MAP owing to the unit cooler. Hence, 

if there is sufficient water inside a MAP, the inner surface 

could be covered with dew. Therefore, preventing water 

condensation inside the MAP film appears to be impossible. 

However, it is an important factor in the MAP. Water 

condensation in a small-size MAP could block the clear 

viewing of the inside, and thus antifogging films are 

introduced to improve the product view. The condensed 

water could drop on the food inside the package and 

increase fungi and micro-organisms (Linke and Geyer, 

2013; Ayala-Zaavala et al., 2008). For pallet-size MAPs, 

the water condensation could cause the corrugated boxes 

inside the film to become wet and collapse. Hence, 

preventing water condensation is more important in 

large-size MAPs than in small-size MAPs. 

 Water condensation usually occurs in the inner surface 

of the MAP film because the temperature of the film is 

lower than the temperature of the inner area of the film 

due to the cooling unit. Therefore, if a water absorbent is 

placed inside the MAP, the inner surface of the film is the 

best place. For small-size MAPs, a humidity-regulating 

tray that contains hygroscopic salt as a humidity absorbent 

was tested for the packaging of mushrooms (Rux et al., 

2015). The amount of absorbed humidity was related 

with the humidity absorbent amount. An excess amount 

of water absorbent could cause a considerable amount of 

weight loss in food. Hence, using the humidity absorbent 

is not the answer to the water condensation problem in 

MAPs.

The main purpose of this study was to investigate a 

selected set of commercially available films that can reduce 

water condensation for pallet scale MAPs. Fortunately, 

some films with high WVTR like nylon-6 and PLA were 

found to have properties of low water condensation. 

However, nylon-6 films are not used in agricultural 

products with high respiration rates owing to their low 

gas permeability. In order to solve this problem, one- 

dimensional diffusion with tube was tested and introduced.

 

Materials and Methods

Materials

Five films obtained from various manufacturers in 

Korea (Table 1) were tested for pallet-size MAPs. The first 

film was an LDPE film that has been used for pallet-size 

controlled atmosphere (CA) storage, such as palliflex of 

Van Amerongen CA Technology and Micro-CA of SCS Inc. 

1(Selcuk and Erkan, 2015). If there is no water condensation 

inside the film despite the high relative humidity, the 

weight loss of the food could be minimized. Hence, the 

anti-fogging OPP film was tested next. The third film was a 

type of humidity absorbing film, Mosspack® that was 

produced with a linear low-density polyethylene (LLDPE), 

cross-linked poly acylate and attapulgite-acryl and was 

advertised as possessing four times the humidity absorbing 
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(a) (b)

Figure 1.  Custom-built pallet-size MA panel: design (a) and product made by Polyvinyl chloride (PVC) (b).  

(a) (b)

Figure 2.  Pallet-size MAP with MA panel and film.

ability for the food packaging when compared with that 

of silica gel. The fourth type was a nylon-6 film because it 

has 10-100 times higher WVTR than LDPE and 100 times 

lower oxygen and carbon dioxide transmission rates than 

the LDPE film (Mangaraj et al., 2009; Sandhya, 2010). The 

last film was a PLA film that was chosen because of its 

environmental friendliness and higher WVTR when 

compared with that of the LDPE film (Koide and Shi, 

2007).

One-Dimensional diffusion with tubes

Agricultural products have different respiration rates 

depending on several factors including the kinds of 

products, the temperature of the storage, and the MA 

status. The gas transmission rate of the MAP is related to 

the film’s properties and the storeroom environment. If 

the respiration rate of the packed products is similar to 

the gas transmission rate of the MAP film, the gas 

concentration rate in the package becomes stable like CA 

storage. A MAP with low gas per permeable film like 

nylon needs increased gas transmission for agricultural 

products with high respiration rates. In order to provide 

increased gas transmission rate to the MAP, one-dimensional 

diffusion with tubes was tested. Diffusion in a pipe could 

be considered similar to heat conduction (Socolofsky and 

Jirka, 2002). In order to calculate the gas transmission 

rate of a tube, the variation of O2 concentration rate of a 

pallet-size MAP using the LDPE film was varied by length 

of a Ф10 (internal Ф8) polyurethane tube. The transmission 

rate was calculated with two 5 cm tubes in the gas.

High humidity MAP test

For easy packing, a custom-built pallet-size MA panel 

was used (Figure 1). A roll pack type film was packed as 

shown in Figure 2-(a), and a flat type film was packed as 

shown in Figure 2-(b). Two liters of water was poured 

inside the film to check the water condensation inside the 

films. The MAP was stored and tested at 9°C over seven 

days. The temperature and relative humidity were checked 

and datalogged by SHT75 sensors (-40°C to 125°C, 0-100%, 

temperature accuracy 0.3°C, humidity accuracy 1.8%, 

Sensirion, Staefa, Switzerland). In addition, the oxygen 
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Figure 3.  Pallet-size MAP for tomatoes using a nylon-6 film. Figure 4.  Oxygen level change during the high humidity MAP test.

level was checked by a portable gas sensor from Check 

Point (0–100%, relative accuracy 3%, resolution 0.1%, 

Dansensor, Ringsted, Denmark). The water condensation 

inside the films was checked by touching the film to 

obtain distinguishable water drops. If some parts of the 

surface were covered with dew, then a picture of the MAP 

film was taken to calculate the area ratio of the water 

condensation. The ratio of the surface area with the dew 

to all the surfaces of the film was calculated by applying 

the polygon option in Autocad® to the pictures. The MAP 

test for tomatoes was conducted by using the most 

appropriate film from the above-mentioned five films.

Tomato MAP test

From the high humidity MAP test, the nylon-6 film was 

selected as the most effective film. Thirty-two boxes of 

tomatoes (Tabor, 5 kg per box) were packed with nylon-6 

(Figure 3). After precooling for a day at a temperature of 

9°C, boxes were packed with the nylon-6 film, and the 

atmosphere was initially changed to 5% O2, 1% CO2. The 

four points of temperature and humidity inside the MAP 

were checked by SHT75 (-40 to 125°C, 0-100%, temperature 

accuracy 0.3°C, humidity accuracy 1.8%, Sensirion, Staefa, 

Switzerland). The gas level was checked by FYA600CO2 

(0~25%, relative accuracy 2%, resolution 200 ppm, 

Ahlborn, Holzkirchen, Germany), FYA600O2 (1~100%, 

relative accuracy 1%, resolution 0.01%, Ahlborn, Holzkirchen, 

Germany), and CheckPoint (0~100%, relative accuracy 3%, 

resolution 0.1%, Dansensor, Ringsted, Denmark). The 

water condensation inside the films was checked by 

touching the film to obtain distinguishable water drops. If 

some parts of the surface were covered with dew, then a 

picture was taken of the MAP film to calculate the area ratio 

of the water condensation. The ratio of the surface area 

with dew to all the surface of the film was calculated by 

applying the polygon option in Autocad® to the pictures. 

The MAP test for tomatoes was conducted by using the 

most appropriate film from the above-mentioned five 

films.

Results and Discussion 

From the high humidity MAP test for the films, the 

oxygen levels were changed by the transmission rate 

(Figure 4, Table 2). Except for Mosspack®, the change in 

the oxygen level for each film was acceptable for the MAP. 

Owing to the low gas permeability of the nylon-6 film, 

one-dimensional diffusion was tested in order to apply 

the film to agricultural products with high respiration 

rates. During the MAP using LDPE, two pipe lines that 

were 5 cm long with 8 mm inner diameter were opened. 

From the difference in the O2 concentration rate change, 

the transmission rate of the tube was calculated (Figure 

5, Table 2). During the MAP storage of tomatoes, if the O2 

concentration rate was decreased to less than 3%, then 

one-dimensional diffusion technique could be used. 

However, the variation was inflected at 3%. Hence, the 

one-dimensional diffusion was not applied in the MAP of 

tomatoes. 

The temperature of each film was dropped similarly 

(Figure 6). For every test, two pallets were used at a time. 

A pallet was used for testing one-dimensional diffusion 

with the LDPE film, and the other pallet was used for 

testing the other films. The pallet of LDPE was closer to 

the door and there was a gap between the door and the 
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Table 2.  O2 transmission rates of films and tube

　

concentration rate 

change per a day 

[%](a)

pallet volume 

[m
3
] (b)

air % in the 

MAP (c )

Surface area of 

film [m
2
] (d)

Thickness [㎛] 

(e)

difference of O2 

level [%] (f)

Transmission rate

=a*b*c*e/d/f

LDPE 0.993 0.968 50% 4.730 120 16.000 0.762 

Anti-fog OPP 1.450 0.968 50% 3.520 30 16.250 0.368 

Mosspack® 3.950 0.968 50% 3.520 150 16.150 5.045 

nylon-6 2.110 0.968 50% 3.520 15 16.050 0.271 

PLA 1.960 0.968 50% 3.520 30 14.750 0.548 

LDPE 0.674 0.968 50% 4.730 120 11.510 0.719 

LDPE+2 tube 0.960 0.968 50% 4.730 120 10.620 1.110 

2 tube 0.286 　 　 　 　 　 0.391 

　

concentration rate 

change per a day 

(a)

pallet volume 

(b)

air % in the 

MAP (c)

cross section 

(m
3
) (d)

length (cm) (e)
difference of O2 

level (f)

Transmission rate

= a*b*c/d/e/f

1 tube 0.143 0.9+68 50% 0.0000502 5 10.620 25.940 

Figure 5.  O2 transmission rate change by opening two tubes (length 5 cm, inner diameter 8 mm).

doorframe. Thus, the temperature gradient in the storeroom 

was the reason for the temperature difference. 

The relative humidity of the nylon-6 film was lower 

than that of other films (Figure 7); it had no water 

condensation during the storage (Figure 8-(d)). During 

the nylon film MAP storage, the outside relative humidity 

was between 80% and 95%. Furthermore, during the 

other film MAP, the outside relative humidity was between 

85% and 100%. Therefore, the nylon film MAP with the 

high external humidity was rechecked again over four 

days, but unfortunately the data were not logged owing to 

a mistake. However, for the MAP test with the tomatoes, 

the MAP with the nylon-6 film had no water condensation 

in the high humid environment (Figure 8-(f), Figure 11). 
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Figure 6.  Temperature of each film during the high humidity MAP test.

Figure 7.  Relative humidity change during the high humidity MAP test in the initial 5 h (a), and in one week (b).

(a) (b)

(c) (d)

 

(e) (f)

Figure 8.  Water condensation inside the films; LDPE (a), Anti-fog OPP (b), Mosspack® (c), nylon-6 (d), PLA (e), and nylon-6 with tomatoes (f).
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Figure 10.  O2 and CO2 variation during the MAP storage of tomatoes.

Figure 11.  Temperature and relative humidity difference between the storeroom and MAP of the tomatoes.

Figure 9.  Stress–strain behavior of nylon-6 and PLA (Huang et al., 
2011; Feng and Ye, 2010).

The PLA film also had nearly no water condensation 

(Figure 8-(e)), and the area ratio with dew was just 4.5% 

of total film surface. Hence, after the nylon-6 film, the PLA 

film could also be recommended for the MAP. However, 

the PLA film is too susceptible to tearing. This could be 

concluded by the fact that the PLA film could be torn with 

the application of a small strain (Figure 9; Feng and Ye, 

2010). The remaining films were not applicable to the 

MAP due high levels of water condensation.

The concentration rate of O2 and CO2 were monitored 

(Figure 10) for the tomato storage. The O2 concentration 

rate decreased and increased because of the change in the 

ratio between the respiration rate of tomatoes and the 
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(a) (b)

Figure 12.  Temperature and relative humidity of four points in the pallet MAP of the tomatoes.

transmission rate of the film. It means the respiration rate 

of tomatoes decreased to a lower value by the low O2 

condition of the MAP. Thus, the respiration rate exceeded 

the O2 transmission rate of the nylon-6 film during initial 

36 hours, so the O2 concentration rate decreased and 

after those period the respiration rate became lower than 

the O2 transmission rate of the MAP. The CO2 concentration 

rate in the MAP appeared saturated at 10% (Figure 10). 

This indicated that the CO2 transmission and respiration 

was in equilibrium. During the storage, the package was 

opened twice for checking the tomatoes. Hence, there are 

two sharp peaks in Figure 10. The temperature and the 

humidity graph in Figure 11 revealed that the MAP could 

protect the inner products from the outside temperature 

oscillations. The positions inside the MAP had different 

temperature distributions (Figure 12), because of heat 

conduction. Box number 4 was placed on the upper side. 

Hence, three planes of the box were next to the film, and 

the temperature of box number 4 was lower than that of 

the other boxes. Box number 1 was placed in the first 

floor corner. Thus, the two planes of the box were close to 

the outside. However, box number 2 and box number 3 

only had one plane close to the outside, and therefore the 

temperatures of number 2 and 3 boxes were higher than 

that of other boxes.

Conclusions 

It is very important to prevent water condensation for 

the pallet-size MAP. The results of the MAP tests with five 

different films revealed that there was nearly no water 

condensation inside the nylon-6 film even though the 

outside relative humidity was close to saturation. 

Generally, nylon films are not used for MAP because of the 

low gas permeability (Mangaraj et al., 2009). However, 

this study sheds new light on the usage of nylon-6 for 

MAP. 

Agricultural products have different respiration rates, 

and it is hard to balance the respiration rate and the gas 

transmission rate of packaging films. This study indicated 

that every agricultural product could be packaged with a 

nylon-6 film with MA condition by adding a few tubes in 

the MAP.
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