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     Materials and Methods
Plant material: Sweet corn (Zea mays L. spp. saccharata)
produced on a local commercial farm was manually harvested at
optimum maturity stage. The corn was maintained under shed
and then transported to the Postharvest Quality Laboratory of
Agriculture and Agri-Food Canada (St-Jean-sur-Richelieu, QC,
Canada) within one hour after harvest. The harvest was performed
at mid July, mid August and mid September. The sweet corn
cultivars were chosen based on their availability at each period
which resulted in using early, mid-late and late maturity sweet
corn (Table 1). The initial produce temperature before precooling
was generally near 24oC.
   At each test day, eight experimental units of sixteen ears were
randomly picked from the field. The mass and diameter of every
ear were measured before any treatment. An additional corn cob
was added to each experimental unit and used to follow the
temperature profile of the produce during the precooling process.
Two type-T thermocouples were positioned in this cob, one
between the corn leaves and the kernels, and the other between
the kernels and the core of the ear. Two experimental units ready
for precooling were put at the same time in a standard plastic
container 4

1

.

Experiment set-up: The experiment set-up is presented in Fig. 1.
Two 406 mm square plywood boxes, with 15 mm thick wall and 482
mm in height, were built to contain 34 ears of sweet corn each. On
both sides of air pathway, the walls of the boxes were built from
uniformly perforated aluminium plates with 3 mm diameter openings
covering 51% of their surface. Once filled, each box was attached
to a different ventilation system used to circulate the desired air
flow rates. The air-tightness was ensured using sealant tape.
   Each ventilation system used a direct drive radial blade fan
powered by a 0.75 kW variable speed electric motor controlled by
a computer. The static and total air pressures were measured
according to the standard method 1 

1
using a home made calibrated

Pitot system 2

1

. An electronic pressure transducer (Dwyer, 607
series) was used to measure the difference of the total and static
pressure resulting in the air velocity dynamic pressure. The
transducer was connected to a data acquisition system (Agilent
Technology Packard, Loveland, Colorado, USA) driven by a
portable computer 3

1

. The same data acquisition system was also
recording the air and corn temperature profiles at every 30 s during
the precooling process. Data logger software (Benchlink, Agilent
Technologies, Loveland, Colorado, USA) was used to visualize
obtained data. The half cooling time (HCT) was calculated from
the temperature data using a dedicated Excel Macro™ 4

-

.

Experimental procedure: For each experiment set-up, four
combinations of two air flow rates (1 and 3 L·s 1 -·kg 1

1

) and two
produce orientations (parallel and perpendicular to the air flow)
were tested. The corn ears were placed in their respective plywood
boxes and cooled down until the temperature of the warmest cob
reached the seven-eighth of the difference between the initial
temperature of the corn and the air temperature inside the room 4

o

.
The corn ears were then removed from both systems at the same
time.
   Each test was repeated at two consecutive days for each of
three different survey periods during the summer. Two other
experiment units were placed inside a corrugated carton box to
represent refrigerated room cooling method and used as control
units. Four temperature data loggers, Hobos (Onset, T-type, H
12), were used to measure the temperature of two corn samples.
The thermal sensors were placed in the produce at the same
locations than described for forced air cooling process. A 5 min-
interval was used to record the temperature measurements. The
box was then put in a cold room at 1 C and 90-95% RH, generating
a 20 hours cooling process.

Storage and quality evaluation: Once cooled, all the corn cobs
were placed in a conditioned room at 1oC and 90-95% RH for 7 and
21 days of storage. The plastic boxes containing the corn cobs
were covered with perforated plastic bags to ensure high humidity
and to avoid desiccation.
   The mass loss of the corn cobs was measured immediately after
harvest; after being precooled and after each storage period. The
mass losses during the cooling process and the storage period
were calculated as the percent difference between initial and final
mass of the produce divided by the initial mass.
   The moisture content and the total soluble solids percentage
(TSS) of the corn were also measured as follows. From each
experiment unit, 150 g of whole kernels were taken out, mixed
together and then separated into six sub-samples of 25 g each.
Three sub-samples were dried using a lab-scale oven (Isotemp®

Premium Ovens, Fisher Scientific, 700 series) for 72 hours at 60oC,
and then put in a vacuum desiccator cabin for one hour before
measuring their mass using a 0.001 g precision scale. Moisture
content (MC) was obtained from mass difference of before and
after drying process according to the standard method 15

o

.
   Three other sub-samples were dipped into liquid nitrogen and
kept into a freezer chamber at -20 C until TSS analysis. TSS was
measured using a handheld refractometer (Fisher Scientific,
Ottawa, Canada). Each sub-sample was blended for 1 min and
centrifuged for 15 min at 3500 rpm. Few drops of the supernatant
were used for this measurement.

     

Figure 1. Experiment set-up used to measure the effects of air flow rates and a) parallel and b) perpendicular orientations of the sweet corn cobs on
the cooling time.





Journal of Food, Agriculture & Environment, Vol.4 (1), January 2006      103

Storage duration 

(days) 

Mass loss during 

storage (%) 
TSS (%) 

Moisture 

content (%) 

Quality 

index 

Fleet 

0 0.00a* 22.70a 75.70a 7.75a 

7 3.97b 21.56b 75.69a 6.66b 

21 3.71b 20.41c 74.75a 6.52b 

Sensor 

0 0.00a 27.10a 68.80a 8.87a 

7 2.93b 25.83b 68.05a 5.74b 

21 3.52b 25.62b 68.03a 5.62b 

Promise 

0 0.00a 21.50a 76.50a 8.69a 

7 2.99b 19.21b 76.42a 6.74b 

21 3.81b 18.29c 76.12a 5.36c 

Table 5. Quality attributes for different precooled cultivars of sweet corn
after storage at 1oC.

*Values in the same column with the same letter and sweet corn cultivar are not significantly different at á = 0.05.

Precooling parameter 
HCT (min) 

Corn cob 

orientation 

Air flow rate 

(L·s-1·kg-1) Core Kernel 

Mass loss during 

cooling (%) 

Parallel 1 93.4b* 91.2b 1.81a 

Perpendicular 1 92.1b 92.1b 3.14a 

Parallel 3 68.1c 67.8c 2.84a 

Perpendicular 3 47.3d 47.1d 2.96a 

Room cooling  436.7a 434.6a 0.38b 

Table 3. Half cooling time (HCT) and mass loss (%) for different forced-air
precooling combinations compared to room cooling.

*Values in the same column with the same letter are not significantly different at á = 0.05.

Precooling parameters 

Air flow rate Corn cob 

orientation (L·s-1·kg-1) 

Mass loss  

during storage 

 (%) 

TSS (%) 

Moisture 

content 

 (%) 

Quality 

index 

7 days 

Parallel 1 2.65ab* 22.56a 74.02a        6.54a 

Perpendicular 1 4.52b 22.22a 73.99a        6.16a 

Parallel 3 3.63ab 22.36a 74.20a        6.44a 

Perpendicular 3 3.73ab 22.13a 74.16a        6.06a 

Room cooling  1.96a 20.90a 74.20a        6.04a 

21 days 

Parallel 1 3.94b 21.47a 73.93a       5.70a 

Perpendicular 1 4.11b 21.75a 73.58a       6.14a 

Parallel 3 4.58b 21.66a 73.63a       5.94a 

Perpendicular 3 3.46b 21.67a 73.79a       5.92a 

Room cooling  2.29a 19.76a 73.26a       5.48a 

Table 4. Quality attributes of sweet corn for different forced-air precooling combinations
compared to room cooling after 7 and 21 days of storage at 1oC.

*Values in the same column with the same letter and storage duration are not significantly different at á = 0.05.

Room cooling: When compared to forced-air, HCT obtained in
room cooling (436 min) was by far higher than all other
combinations used (Table 3). It reached up to nine times the HCT
(47 min) obtained for perpendicularly orientation cobs with 3 L·
s 1 -·kg 1 airflow. Regardless of cobs orientation, when using the
lower flow rate, HCT (92 min) of sweet corn was approximately
reduced to one quarter compare to room cooling.
   As for mass loss during cooling process, no significant
difference was found for any of the airflow rate and orientation
combinations. However, room cooling process resulted in a much

lower mass loss. This lower mass loss
obtained after room cooling was likely due
to a higher relative humidity maintained in
the closed box containing the corn cobs.

Storage duration: The effect of forced-air
precooling parameters on the quality
attributes of sweet corn stored for 7 and 21
days at 1oC is presented in Table 4. Generally,
keeping quality of sweet corn was inversely
related to the length of storage. For the same
storage duration, the data demonstrated
that quality factors including TSS, moisture
content and quality index were similar for
all combinations tested; although room
cooled cobs displayed lower mass loss, TSS
and quality index values. Sweet corn
benefited from forced-air and room cooling
as it was possible to store this highly
perishable commodity for duration up to 21
days at 1oC while maintaining high TSS and
moisture content with good market quality.

Cultivar effects: Table 5 shows the effect
of precooling on quality factors of the three
sweet corn cultivars after storage. For all
three cultivars mass loss significantly
increased over time as expected. There was
also a significant TSS reduction for all
cultivars. However, this loss of sweetness
was higher after 21 days of storage in case
of Promise with 14.9% followed by Fleet
and Sensor cultivars with 10.1 and 5.4%
respectively. Moisture content was
maintained at a high level for all three
cultivars with a tendency to decrease over
time. During storage, the overall quality
index was markedly reduced for all cultivars
with a higher reduction for Promise.

         Conclusions
Sweet corn cobs under perpendicular orientation and 3 L of cold
air ·s-1·kg-1 of produce were precooled faster then parallel
orientation and lower air flow rate. Under these precooling
conditions, HCT was reduced to almost 90% of that of room cooling.
Precooling parameters had no effect on the quality attributes of
sweet corn which still maintained high after 7 and 21 days of
storage at 1oC except for general quality index; therefore, the
assessment of the performance of the forced-air cooler system
can be limited to cooling time and mass loss during cooling process.
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