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High Humidity Storage in ISO Containers and Cool Rooms 
and Its Effects on Horticultural Produce 

S.c. Morris"" and K.J. Scottt 

THIS research was commenced as part of an 
ACIAR project with the aim of providing a 
practical solution for the transporting of fruit 
and vegetables in Papua New Guinea (PNG). 
Due to the extremely mountainous terrain in the 
centre of PNG, transport difficulties are the 
major constraint on fruit and vegetable produc­
tion. Air freight was the only successful method 
of transport between production centres and 
major markets. Transport by road to the coast 
and thence by ship took up to 10 days and losses 
of produce were very high. After examining the 
problem, the best method of successfully trans­
porting vegetables (especially potatoes) seemed 
to be by refrigerated container. This method has 
the advantages of flexibility, maintenance of 
high quality in vegetables and, most important­
ly, avoidance of damage through rough hand­
ling during transport. 

During the course of this investigation it 
became obvious that maintenance of a high 
humidity environment was necessary, both for 
'curing' of potatoes and sweet potatoes and for 
preventing excessive weight loss during trans­
port. It is known that 'curing' of potatoes after 
harvest can substantially improve their posthar­
vest storage life (Schippers 1971; Booth and 
Shaw 1981). The same phenomenon can also 
improve the storage life of sweet potatoes 
(Kushman and Deonier 1972). After a thorough 
investigation of curing conditions for potatoes 
and sweet potatoes it was found that optimum 
conditions for curing potatoes occurred at 25°C 
and 98% RH and at 2S°-30°C and 98% RH for 
sweet potatoes. These results indicate that cur­
ing of both commodities in the one container or 
room is feasible. The benefit of these curing 
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conditions for potatoes is highlighted in Figure 
1, which shows that the depth of the protective 
suberin layer that forms after curing for 7 days 
at various temperatures and humidities is 
maximum at 25°C and 90-98% RH. The effect of 
curing conditions on reducing subsequent infec­
tion is described in Figure 2. The importance of 
high humidity conditions during curing is 
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Fig. 1. Effect of curing temperature and humidity on 
the depth of the protective suberised layer formed 
over wound sites during curing. 
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Fig. 2. Effect of curing temperature and humidity on 
the severity of Fusarium infection occurring after inocu­
lating cured potatoes (assessed using a 0-4 severity 
scale). 



especially important for controlling decay, with 
98% RH being significantly better than 90%. 

As containers are often the only cooling or 
temperature control facility available in develop­
ing countries such as Papua New Guinea, it was 
obvious that the production of curing conditions 
within containers was necessary. A further 
advantage of producing high humidity condi­
tions in a container is that after the curing period 
of 5-7 days at 25°e, the container load can be 
cooled to 3°_5°e and then other vegetables can 
be progressively added to the load. When the 
temperature within the container reaches the 
target, it can be transported to the final markets. 
It has been reported that use of high humidity 
conditions during cool storage can greatly 
improve the subsequent condition of produce 
(Grieson and Wardowski 1975). Thus, use of the 
humidity control system developed for curing to 
maintain high humidity in the container at 
3°_5°e during transport should be of considera­
ble benefit to the quality of the produce at 
outturn. 

In the last few years considerable work has 
been done by container companies (such as 
Mitsubishi and Diakon) on the design (Anon 
1986; Blacker and Parker 1985) of high humidity 
containers. Unfortunately these systems are ex­
tremely expensive (costing up to five times more 
per day to hire) and are not yet readily available. 
Both these reasons make their use totally 
impractical in countries such as PNG. A further 
problem with humidity control systems in con­
tainers is that water must be continually re­
turned to the atmosphere of the container due to 
removal of water by the cooling coils. This 
problem has previously been tackled by adding 
a sizable reservoir of water to the container, e.g. 
the Mitsubishi, Hyo-on container [see also 
Blacker and Parker (1985)]. However, this reser­
voir needs to be continually topped up for the 
container to run effectively. 

Monitoring of shipments of refrigerated 
containers of vegetables (ca 50% potatoes, 25% 
cabbages, and 25% mixed vegetables) between 
Goroka and Port Moresby in PNG, a distance of 
about 1200 km by road and sea taking 5-10 days, 
found that weight losses of about 5% could 
occur. Since a fully loaded container weighs 
10-12 tonnes, this weight loss represents 500--600 
L of water. This large quantity of water is re­
moved from the container air by the cooling 
coils and trickles out of the container through 
the defrost drainage tube. A large loss of water 
is inevitable in conventional containers especial­
ly since space problems restrict the size of the 
cooling coil. The dehumidification of the con­
tainer atmosphere and consequent extra water 
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loss results in reduced produce shelf life and 
appearance (Blacker and Parke 1985). 

Several methods of using this defrost water to 
increase the humidity level in the container were 
tested. These included channeling the water into 
a long tank running down one side of the 
container into which a large absorbent cloth was 
suspended. It was hoped that water would rise 
up the cloth and be rapidly evaporated thus 
raising the humidity level in the room. Unfortu­
nately, this did not happen because of 
inadequate capillary action caused by excessive 
airflows within the container and also a lack of 
porosity of the various cloths used. Another 
alternative was to simply run the defrost water 
into the airflow channels beneath the cartons in 
the container. This method was recommended 
by Rath (1971), who claimed the increased 
humidity achieved by this method prevented 
dehydration by reducing mass transfer from the 
produce, with negligible effect on heat transfer. 
However, two major problems were encoun­
tered with this method. Firstly, the water usually 
trickled down only a few of the channels and 
provided virtually no evaporative surface for 
humidifying the air. Secondly, excess water con­
tinually trickled from the doors of the container; 
this is generally regarded in the container 
industry as a sure sign of the presence of rotting 
produce within. The use of various irrigation 
tubing, dripper, and spreader sponge systems 
did not significantly improve the evenness of 
spread of water across the container or prevent 
the excess trickling from the door. 

A more successful solution was to build up the 
defrost drainage tray to provide a reservoir of 
2G-25 L of water (Fig. 3). A small pump was 
used to rapidly drip the water through fine 
irrigation tubing into the delivery air stream to 
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Fig. 3. Humidity control system for bottom delivery 
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the delivery air system. 



the container (in this instance into a centrifugal 
fan) after it had passed through the cooling coils. 
A flow rate of about 30 mL/min was used, 
resulting in a rapid increase of the humidity 
level in the container. An inexpensive control 
system (Austratherm Pty Ltd, Sydney) was used 
so that water was added to the air stream only 
when the humidity level dropped below a criti­
cal set point, usually about 92% (the upper limit 
of accuracy for the Phillips capacitance humidity 
sensor). A tube to the exterior of the container 
was provided to enable the water reservoir to be 
topped up at the beginning of each shipment, 
while excess defrost water could still drain away 
from the defrost tray through a raised drainage 
tube. This system was tested in several static 
trials in Australia and humidity levels kept in 
the range of 80-100% RH during curing at 
20°-25°C. During rapid cooling relative humidi­
ty dropped to around 50%; however, after the 
drop during initial rapid cooling, humidity 
levels were considerably higher than without 
humidity control. 

Temperature and humidity were recorded 
using an 18-channel MISER datalogger 
(Northern River Industrial Electronics, Lismore, 
Australia) with LM335 temperature sensors 
(accuracy tested at ± 0.2°C) and capacitance 
relative humidity sensors (Phillips, Nether­
lands). These humidity sensors are accurate up 
to 92% RH (tested at ± 2% RH) but give a 
spuriously high value above 93% RH. Weight 
loss during cooling was recorded with a balance 
(Mettler PE16, Mettler, Zurich, Switzerland) fit­
ted with a serial output accessory to allow 
continual recording of weight loss. 

This 'drip per' humidity control system for 
containers was tested in PNG using a Luke 
Model 2000-100 (Luke Pty Ltd, Melbourne), 
during curing and transport from Goroka to Port 
Moresby. The temperature and humidity results 
for part of this experiment are given in Figure 4. 
The curing achieved by the potatoes and sweet 
potatoes was quite acceptable after using the 
humidity control to maintain conditions at 22°C 
and >90% RH. After curing for 5.5 days the 
potatoes were cooled to 3°C and other 
vegetables - cabbages, carrots, zucchinis, toma­
toes, celery, and lettuce - were added to make a 
full load (this took 6.5--6.75 days). These were 
then cooled for 36 hours prior to transport to 
Port Moresby. The outturn quality of leafy vege­
tables at Port Moresby, particularly lettuce, was 
exceptionally good, with reductions of weight 
losses about 50% of those in equivalent contain­
ers without humidity control. 

The humidity control system worked well for 
containers with bottom air delivery (both for 
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Fig. 4. Results from a combined potato curing and then 
cool-down of mixed vcgctable transport trial in PNG: 
(A) Temperature of return air; (B) Relative Humidity 
in centre of the container. 

centrifugal and axial fans) since any excess water 
could simply drop back into the defrost tray or 
onto the container floor. However, many recent 
containers are top air delivery with fans above 
the coils and problems were encountered in 
latter trials in Papua New Guinea with these 
styles of containers (Model 3200-100, Luke Pty 
Ltd, Melbourne). Small amounts of excess water 
dripping onto the top of the coils freezes and 
thus slows the cooling rate. This problem was 
partially alleviated by using the spray heads 
from Ultra-Low-Volume spray units (Micro 
Herbi, Model 77, Micon, London), which pro­
duced a much finer droplet than the previously 
used microjet irrigation spray head or dripper 
irrigation tubing. Unfortunately some water still 
dripped onto the coils even with these 
improvements. 

A more satisfactory method of dispensing the 
water evenly into the air was using an Air 
Atomizing spray nozzle (Model 1/4JH/2A, 
Spraying System Co., Illinois) and a small 250 W 
compressor (Big Beaver, CIG, Sydney). This 
system worked equally well with either top or 
bottom air delivery systems and the compressor 



could either be located in the outside control 
part of the container, or internally if space were 
available. A flow rate of 40 mL/min of water 
was used and 35 L/ min of air. If the distance 
between water level of the reservoir and the 
spray nozzle exceeds 400 mm then a small pump 
may be necessary to help lift the water. 

Results were obtained for cooling (20° to 3°C) 
and holding tests in containers (Luke Model 
2000-100: Luke Pty Ltd, Melbourne), with the 
spray nozzle method of humidity control 
compared with no humidity control. These tests 
used a small load of SOO kg of Navel oranges in 
boxes and half a box of large lettuce spread on 
top of the Navels. Trials were done in pairs with 
boxes of letruce split between each pair of runs, 
with runs with and without humidity control. 
The results from three parts of tests were 
averaged and arc presented in Figure SA. The 
temperature results are given only for the 
control changes. While the return air dropped to 
the set point within 3 hours, it was ~ hours 
before the variance between the average 
difference between the return and delivery air 
was less than 2°C. The seven-eights cooling time 
for the lettuce averaged 13.5 hours. However, 
there was a substantial effect of humidity control 
on relative humidity content in the container 
(Fig. 5B). There were only marginal humidity 
increases during rapid cool down (as occurred 
for the 'dripper' system); however, after the first 
1.5 hours relative humidity levels were kept 
substantially higher by the humidity control 
system compared with the uncontrolled 
container. 

These humidity differences are reflected in the 
average weight loss differences for lettuce stored 
with and without humidity control (Fig. Se). 
Initially, weight losses are very similar, but the 
weight loss in the control lettuce continued at a 
steady rate, while the weight loss of lettuce with 
humidity control slowed rapidly. At 18 hours 
the average rate of weight loss in the control 
lettuce is 0.056% per hour, while the average rate 
of the lettuce in the container with humidity 
control is 0.0095% per hour, a reduction of about 
80% in the rate of weight loss. 

The container modification described here 
[turning the defrost draining tray into a water 
reservoir, adding a humidity control, small 
compressor and air atomising spray nozzle (or 
Ultrasonic nozzle)] is simple to perform and 
relatively inexpensive. It enables containers to be 
used to 'cure' potatoes and sweet potatoes and 
also help to maintain the quality of produce (in 
particular, valuable leafy vegetables) during cool 
storage. The basic humidity control system 
proposed here has been tested in conventional 
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Fig. 5. A. Temperatures (no humidity control). Aver­
age results from cooling tests done with lettuces in 
containers, with or without humidity control (using 
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(centre of container). Average results from cooling 
tests done with lettuce in containers, with or without 
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Weight loss of lettuce. Average results from cooling 
tests done with lettuce in containers, with or without 
humidity control (using atomising spray nozzles). 

cool rooms, with similar increases in produce 
quality. The system would usually be simpler to 
install in cool rooms since existing water and 
often existing compressed air lines can be used. 
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