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Abstract 

Delivering mangoes with the highest possible quality requires optimal 

temperature control during the entire distribution process. The optimal transit 

temperature for mangos is around 55oF (12.8oC). Typically, mangos are delivered to 

retail stores in mixed load refrigerated trailers, which contain a wide variety of food 

items. The trailer’s set temperature is based on a compromise among the products 

being transported and is generally dictated by the food products that require the lowest 

temperature, which is around 36oF (2.2oC). Many retailers will not accept mango 

shipments that have a pulp temperature below 48oF (8.9oC). Pallets of mangos that are 

shipped without a pallet cover do not have enough thermal protection for standard 

transit times of 2 – 3 days. 

 

Objectives 

The main objective of this study is to provide the National Mango Board with a 

comprehensive study of commercially available pallet covers used for the thermal 

protection of mango pallets that are transported in a mixed load refrigerated trailer. To 

meet the main objective, sub-objectives must be met in order to understand how 

various pallet covers can thermally protect the load as well as determine critical areas in 

a pallet that can be responsible for temperature excursions. 

This project studied the thermal protection level of mango pallets that utilize 

four commercially available pallet covers. The pallet covers were tested with and 

without a base. The pallet covers were tested in an environmental temperature 

chamber set at 2.2oC (36oF). Temperature recordings occurred at 23 locations 

throughout each pallet in order to provide a full temperature distribution profile. 

Mango pulp temperatures were measured in order to gain a realistic idea of the mangos 

actual temperature since air temperature can vary by several degrees. The air 

temperature and relative humidity under the pallet covers were measured.  
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Sub-Objective 1: Measure the level of temperature distribution throughout a pallet 

without any thermal protection in order to provide a basis of comparison. The 

uncovered mango pallet was exposed to a constant temperature of 2.2oC (36oF). 

 

Sub-Objective 2: Measure the level of temperature distribution and thermal protection 

of four commercially available pallet covers without base protection. The covered 

mango pallets were exposed at a constant temperature of 2.2oC (36oF). 

 

Sub-Objective 3: Measure the level of temperature distribution and thermal protection 

of four commercially available pallet covers with base protection. The covered mango 

pallets were exposed at a constant temperature of 2.2oC (36oF). 

 

Sub-Objective 4: Analysis of critical areas throughout the pallet where the level of 

thermal protection is underperforming. 

 

Method 

Two pallets of Kent variety mangos were acquired from GM Produce Sales in 

Hidalgo, Texas. The mangos were picked up on July 5, 2017 from G.P.I in Tampa, Fl. The 

pallets measured 40x48x64 inches (1x1.2x1.6 m). They were 14 rows tall containing 15 

cases per row. Each case contained 10 mangos, weighing approximately 9 lbs (4 kg) per 

case. 

Mango pulp temperatures were measured at 23 locations inside each pallet in order 

to provide a full temperature distribution analysis. The locations included the 8 corners, 

6 faces, and 9 internal points, see Figures 1 and 2. The instrumented mangos were on 

layers 1, 3, 7, 11 and 14. In addition, air temperature and relative humidity was 

measured on top of the pallets, under each cover. 
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Figure 1: Diagram of the Temperature Probed Mangos on All Corners and Pallet Faces 

 

Figure 2: Diagram of the Temperature Probed Mangoes Inside the Pallet 

 
 

The temperature probes were inserted into the pulp of the mangos at a depth of 1 

inch (2.54 cm). Each measured mango weighed approximately 14.1 oz. (400 grams). The 

pulp temperature was recorded with HOBO® brand U12 data loggers (Onset Computer 

Corporation, Pocasset, MA, USA) that records within an accuracy of +/- 0.63°F (0.35°C) 

that were equipped with the temperature probe, TMC6-HD (Onset Computer 

Corporation, Pocasset, MA, USA) which records within an accuracy of +/- 0.9°F (0.5°C). 

The air temperature and humidity was measured under the cover with a HOBO® brand 

U12 data loggers (Onset Computer Corporation, Pocasset, MA, USA), which records 

within an accuracy of +/- 0.63°F (0.35°C). The data loggers were programmed with 

HOBOwarePro® (Onset Computer Corporation, Pocasset, MA, USA). The temperature 

loggers measured the temperature every minute.  

 Environmental temperature chambers were used to replicate similar environmental 
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conditions found during mixed load transportation. A Darwin environmental chamber 

(Darwin Chambers Company, St. Louis, MO, USA) with a temperature range of 14oF to 

131oF (-10°C to +55°C) and a temperature control sensor at +/- 0.36°F (0.2°C) was used 

to conduct the testing. The temperature inside was recorded with HOBO® brand U12 

data loggers (Onset Computer Corporation, Pocasset, MA, USA) that records within an 

accuracy of +/- 0.63°F (0.35°C). 

Four commercially available pallet covers were used: DuPont™ Tyvek® W10 cargo 

cover, DuPont™ Tyvek® W50 cargo cover, metalized bubble wrap cover, and QProducts 

& Services (Qsales) white quilt cover. The cover specifications can be seen in the 

appendix. The pallets of mangoes were conditioned inside the environmental chambers 

set at 55oF (12.8°C) for at least 24 hours. Two pallets were tested at a time. The test 

pallet covers were placed on each pallet then exposed to the chamber set at 36oF 

(2.2oC) for 72 hours. For each cover tested, a second test was conducted with a base 

protection. To do this, each pallet had to be broken down and rebuilt. 

 

Results 

 The result graphs shown in the sub-objectives below demonstrate the average 

temperature distribution within each pallet. The bottom average is composed of layers 

1 and 3. The middle is layer 7. The top is composed of layers 11 and 14. The averages 

were chosen in order to highlight the temperature changes, however the full data set 

can be seen in the appendix.  

 

Sub-Objective 1 

 An uncovered mango pallet was tested in order to determine a baseline for 

temperature performance. The average temperature distribution within the uncovered 

mango pallet can be seen in Figure 3 below. The pulp temperature of the mangos fell 

below 48oF (8.9oC) within 2.1 hours. The most central internal point in the pallet took 7 

hours to cool to the low limit threshold.   
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Figure 3: Average Temperature Results of Uncovered Mango Pallet 
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Sub-Objective 2 

 All four pallets that were tested with a cover that did not include a base reached 

colder temperatures in the bottom portion of the pallet compared to the middle and 

upper sections. None of pallets were able to maintain a temperature above 48oF (8.9oC) 

longer than 10 hours for mangos on the bottom section of each pallet. The metalized 

bubble wrap cover without a base and the W10 cover without a base yielded similar 

thermal results, see Figures 4 and 5. Both were not able to maintain the middle section’s 

average temperature above 48oF (8.9oC) longer than 21 hours. On average, the top 

sections reached the low limit after 26-27 hours.  
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Figure 4: Average Temperature Results of Metalized Bubble Wrap Cover without Base 
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Figure 5: Average Temperature Results of DuPont W10 Cover without Base 
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The relative humidity under metalized bubble wrap cover without a base and the 

W10 cover without a base differed. The metalized bubble wrap had a relative humidity 

above 95% and the W10 cover had a relative humidity of 85%. The pallet covered in the 

metalized bubble wrap had significant condensation on the cases and the mangos, 

which could lead to a more rapid decay and allow for mold growth, see Figure 6. The 

pallet covered with the W10 cover seemingly allowed the water vapor to evaporate, 
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thus maintaining a dryer mango with less free water collection.  

Figure 6: Condensation on Mangos and Cases Under the Metalized Bubble Wrap Cover 

  

 

The Qsales white maintained the middle section’s average temperature above 

48oF (8.9oC) temperature for 26.6 hours. The top section reached the low limit after an 

average of 58.1 hours, Figure 7. The W50 cover maintained the middle section’s average 

temperature above 48oF (8.9oC) temperature for 45.2 hours. The top section reached 

the low limit after an average of 66 hours, Figure 8. 

Figure 7: Average Temperature Results of Qsales White Cover without Base 
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Figure 8: Average Temperature Results of DuPont W50 Cover without Base 
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Table 1: Average Time (hr) per Pallet Section to reach 48oF (8.9oC) 

Pallet Section Metalized Bubble 
Wrap without 
Base 

Qsales White 
Cover without 
Base 

W10 cover 
without Base 

W50 cover 
without Base 

Uncovered 

Bottom 4.1 6.5 5.2 10.3 2.8 
Middle 21.3  27.8 20.2 45.1 2.3 
Top 28.1 58 27.4 66.1 2.3 

 
 

Sub-Objective 3 

For all four pallets, the bottom cases of mangos within each pallet did not see 

significant thermal improvement when they were tested with a base compared to 

without a base. The bottom mango case temperatures only lasted an average of 3.5 

hours longer before reaching 48oF (8.9oC) with the addition of a base. The metalized 

bubble wrap with a base and W10 cover with a base experienced similar thermal 

performances to those tests conducted without a base. On average, among all pallet 

sections an improvement of 1.3 hours was seen with the metalized bubble wrap and 1.9 

hours was seen with the W10 cover. The metalized bubble wrap cover with a base and 

W10 cover with base thermally protected the top 2/3 of the pallet for approximately 

25.2 hours, Figures 9 and 10. 
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Figure 9: Average Temperature Results of Metalized Bubble Wrap Cover with Base 

0	

2	

4	

6	

8	

10	

12	

14	

16	

0	 10	 20	 30	 40	 50	 60	 70	

Te
m
p
e
ra
tu
re
	(
c)
	

Time	(h)	

Metalized	Bubble	Wrap	with	Base:	Averages	

Bottom	

Middle	

Top	

Low	Limit	

 

 

Figure 10: Average Temperature Results of DuPont W10 Cover with Base 
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The metalized bubble wrap with a base had a completely saturated relative 

humidity and W10 cover with base had a relative humidity of 85%. The pallet covered in 

the metalized bubble wrap had a significant amount condensation on the cases and the 

mangos, which could lead to a more rapid decay and allow for mold growth, Figure 11. 
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Water accumulated at the base of the pallet. The pallet covered with the W10 cover 

allowed the water vapor to evaporate, thus maintaining a dryer mango with less 

condensation. 

 

Figure 11: Condensation on Mangos and Cases with the Metalized Bubble Wrap Cover with Base 

 
 

The addition of a base prolonged the temperature maintenance in pallets using 

the Qsales white cover and the W50 cover. On average, among all pallet sections an 

improvement of 4.2 hours was seen with the Qsales white cover with base and 5.9 

hours was seen with the W10 cover with base. The middle section of the Qsales white 

cover with base lasted 36.7 hours, where the W50 cover with base lasted 54.1 hours. 

The top section of the Qsales white cover with base lasted 58.8 hours, where the W50 

cover with base lasted 70 hours. The W50 cover with base allowed the upper 2/3 of the 

pallet to remain above 48oF (8.9oC) for an average of 62 hours, allowing for the 2-day 

transit time, see Figures 12 and 13.  
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Figure 12: Average Temperature Results of Qsales White Cover with Base 
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Figure 13: Average Temperature Results of DuPont W50 Cover with Base 
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 The relative humidity seen under the Qsales white cover with base was 
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measured at 95%, however the covers’ material allowed the free water to be absorbed, 

thus producing less water on the mangoes than seen in other Qsales white cover or 

bubble wrap tests. The W50 cover with base had the lowest measured relative humidity 

out of all tested covers at 80%. Condensation was not visible on the mangos covered 

with the W50 with base.   

 

Table 2: Average Time (hrs.) per Pallet Section to reach 48oF (8.9oC) 

Pallet Section Metalized Bubble 
Wrap with Base 

Qsales White 
Cover with Base 

W10 cover 
with Base 

W50 cover 
with Base 

Uncovered 

Bottom 7.5 9.5 7.75 15 2.8 
Middle 22.4 36.7 19.45 54.1 2.3 
Top 27.6 58.8 31.35 70 2.3 

      

 

 
Figures 14 to 18 present the three-dimensional temperature distribution in a 

pallet of mangos using a thermal cover with a bottom during exposure at 36oF (2.2oC) 
during 72 hours. 
 
Figure 14: Representation of the three-dimensional temperature distribution in a pallet of mangos and 
temperature color code. 
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Figure 15: Three-dimensional temperature distribution in a pallet of mangos using the DuPont W10 
thermal cover with a bottom during exposure at 36oF (2.2oC) during 72 hours. 
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Figure 16: Three-dimensional temperature distribution in a pallet of mangos using the DuPont W50 
thermal cover with a bottom during exposure at 36oF (2.2oC) during 72 hours. 
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Figure 17: Three-dimensional temperature distribution in a pallet of mangos using the Bubble Wrap 
thermal cover with a bottom during exposure at 36oF (2.2oC) during 72 hours. 
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Figure 18: Three-dimensional temperature distribution in a pallet of mangos using the Qsales White 
thermal cover with a bottom during exposure at 36oF (2.2oC) during 72 hours. 
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Sub-Objective 4 

On all tested pallets, the most critical area for cold temperature deviations was 

on cases near the bottom of the pallet. The top sections of the pallets demonstrated the 

warmest temperatures. In order to properly compare the effectiveness of each cover 

type, the pallets were arranged in the environmental chamber with air gaps on all 6 

faces. None of the tests allowed the pallets to touch each other or the walls, therefore 

temperature data was generally consistent on all sides. However, in a real life shipping 

environment pallets could touch walls and other pallets. Critical temperature 

measurement points would be on faces that were exposed to air gaps or on faces that 

touched walls or other pallets containing cold items. To detect for chilling injury, it 

would be best to test the mangos on the bottom level of the pallet.  

On all the tested pallets, the addition of a base created a more uniform 

temperature distribution. Uniform temperature distributions can results in a more 

consistent mango quality level throughout the pallet. For example, mangos at the top of 

the pallet are more likely to have a similar shelf life to mangos in the center. Figure 14 

below indicates the variance of each cover type, measuring the spread of the 

temperature distributions. The W50 cover had the least difference, therefore would give 

the most consistent temperature distribution if used with or without a base as well as 

providing the best temperature protection. The Qsales white cover without a base 

demonstrated the widest temperature difference throughout the pallet, therefore 

would give the most inconsistent temperature distribution. The W10 cover with base 

and metalized bubble with base exhibited the good results for temperature distribution, 

however, did not adequately protect the mangos from temperature abuse. Covers with 

low temperature variance would provide for more efficient quality control testing, as 

the mango quality level would be similar throughout the entire pallet. The quality level 

could be good or bad dependent on all the other variables. 
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Figure 19: Temperature Distribution Variance Indicating Consistency of Mango Quality Level 
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The test results have shown that all the tested covers, both with and without 

bases do not fully protect the bottom layer of mangos from reaching temperatures 

below 48oF (8.9oC) for 48 hours. It can be presumed that a non-compressible insulation, 

such as Styrofoam could be added between the bottom case of mangos and the pallet in 

order to reduce the time the bottom layer reaches 48oF (8.9oC). The feasibility of this 

addition may not be realistic but could help reduce the cold airflow.  

Discussion  

The use of a base with any of the tested covers provided better thermal 

protection compared to the pallets tested without a base. It can be assumed that the 

cause of this was due to the production of heat by the mangos. The use of a base 

allowed the heat to be contained inside the pallet more. Contrasting to the baseless 

pallets, where airflow was able to penetrate the mangos easier and faster, causing 

temperature decreases to occur more rapidly. The use of a base also decreased the 

variability in temperature differences throughout the entire pallet. Consistent 

temperatures throughout the pallet can correlate to consistent levels of mango quality. 

However, the use of a base was a disadvantage for the metalized bubble wrap cover 

because it was not breathable, allowing significant condensation to occur on the 
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mangos, wet the cases, and accumulate water at the bottom of the pallet.  

The visible effects of chilling injury intensify with prolonged exposure to low 

temperatures. The W50 cover with base was able to protect the top 2/3 of the pallet 

from temperatures below 48oF (8.9oC) for an average of 62 hours. Even though the 

bottom section went below 48oF (8.9oC), the exposure might have caused less severe 

chilling injury since the mangos were above 44oF (6.5oC) for 24 hours. The less extreme 

cold temperature and shorter duration of exposure in comparison to other tested 

pallets, may results in less chilling injury damage. Any pallet in direct contact with a cold 

surface, such as a trailer wall or colder adjacent pallet could cause the mangos to 

become too cold. It would be recommended that the mango pallets do not touch the 

trailer walls or cold pallets, instead provide an air gap. 

Test results demonstrated the W50 cover with base to be the best option in 

terms of thermal and moisture protection. Therefore, it underwent additional testing in 

order to further enhance the covers performance. A new TTx prototype wrapping 

technology, provided by Illuminate was added under the W50 cover to aid in 

distributing the temperature. The TTx technology consists of wrapping materials that 

cover the pallet (but installed under a thermal cover) that allow the heat to move 

quicker in order to create a more uniform temperature distribution and eliminate heat 

and cold spots found under any thermal covers. The temperature protection was 

optimized by using the heat generated by the mangos to help maintain a warmer 

temperature in the inherently colder sections of the pallet. The test results 

demonstrated that the upper 2/3 of the pallet never went below 52oF (11oC) for the 

entire 72 hour testing duration, as seen in Figure 15. The bottom section remained 

above 45oF (7oC) for 48 hours and above 43oF (6oC) for 72 hours. A majority of the pallet 

remained in the desired range for a full 72 hours. The critical bottom section had a 

reduced temperature and time exposure, probably resulting in less chilling injury. The 

combination of the new technology and the W50 cover exhibited the best results. TTx 

technology is currently not available for large pallet sizes (72 inches high) but will 

probably be available in 2018. 
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Figure 20: Average Temperature Results of W50 Cover with Base combined with Illuminate TTx 
technology 
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Figure 21 presents the three-dimensional temperature distribution in a pallet of 

mangos using DuPont W50 thermal cover with a bottom combined with a wrapping of 

the Illuminate TTX technology during exposure at 36oF (2.2oC) during 72 hours. 
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Figure 21: Three-dimensional temperature distribution in a pallet of mangos using DuPont W50 thermal 

cover with a bottom combined with a wrapping of the Illuminate TTx technology during exposure at 36oF 

(2.2oC) during 72 hours. 
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Conclusion 

Four commercially available pallet covers were tested with and without a base to 

determine their thermal protection for pallets of mangos. None of the covers were able 

to maintain the entire pallet above 48oF (8.9oC) for entire 72 hour testing duration. 

However, the W50 cover with base has shown to be the best option in terms of thermal 

and moisture protection out of the four commercially available pallet covers. The top 

2/3 of the pallet covered with the W50 cover was protected from temperatures below 

48oF (8.9oC) for an average of 62 hours. Even though the bottom section went below 

48oF (8.9oC), the severity of the exposure was above 44oF (6.5oC) for 24 hours. It is 

anticipated that in a real life shipping environment where the pallets have a few 

touching faces, that the W50 cover would provide even more temperature protection. 

Additional usage of new technologies combined with existing pallet covers may allow 

for a better performance, thus protecting the entire pallet from chilling injury for 72 

hours. 
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Appendix 

Comprehensive Temperature Results  
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Product Specification Sheet 

Approval Date Customer Signature Date 

 

 
08/22/17   

 

Document Type: Product Number: Effective Date: Revision 

Product/Shipping Specification 69160091 August 22, 2017 0 
 

Product Name PFC, 40x48x78, One Corner Open 

Product 

Description 

Light weight reflective air bubble insulation used to insulate skids of product. 

Designed to cover a payload of 40x48x78. 

Product 

Features 

1. Outer Substrate: Metalized polyester 

2. Single layer of polyethylene bubble film 

3. Inner Substrate: Clear Polyethylene 

4. One corner open for slip over design 

5. Nominal Thickness: 1/8” 

6. Est. Wt. = 23 oz 

Product 

Drawing 

 

 

 

 

 

 

 

 

 

 

 

 

Shipping 

Contents 
1. 69160091 – PFC 40x48x78, One Corner Open – 50 per box 

Packaging 

Description 

1. Skid size 48 inch x 48 inch   

2. Carton, 48 x 48 x 36 

3. Estimated Weight : 1 Box / Skid is 130 pounds or 2 Boxes / Skid is 185 pounds 

4. Shipment Envelope : Min- 48x48x42 to Max- 48x48x80 (2 Boxes/Skid) 

 Shipping 

Classification 
H.T.C code 3921.13.5000 

 

Open Corner 
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Product Specification Sheet 

Approval Date Customer Signature Date 

 

 
08/22/17   

 

Document Type: Product Number: Effective Date: Revision 

Product/Shipping Specification 69000555 August 22, 2017 0 
 

Product Name Pallet Wrap, 40x44x82 

Product 

Description 

Thermal Pallet Wrap used to protect all four sides and the bottom of a pallet of 

product measuring 40x44x82. The set includes a pallet wrap and base wrap. 

Product 

Features 

1. Outer lining is made of clear poly film 

2. Standard loft insulation 

3. Optional pallet bands to secure wrap closed 

4. Est. Wt. = 21 lbs 

Product 

Drawing 

 

 

 

 

 

 

 

 

 

 

 

 

 

Shipping 

Contents 
1. 69000555 – Pallet Wrap 40x44x82 – 4 per box 

Packaging 

Description 

1. Skid size 48 inch x 48 inch   

2. Carton, 48 x 48 x 36 

3. Estimated Weight : 1 Box / Skid is 160 pounds or 2 Boxes / Skid is 215 pounds 

4. Shipment Envelope : Min- 48x48x42 to Max- 48x48x80 (2 Boxes/Skid) 

 Shipping 

Classification 
H.T.C code 3921.13.5000 

 

Pallet Wrap 

Base Wrap 

 


