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Abstract 

Intact, bruised, and bruised + inoculated (Botrytis cinerea) strawberries (cv. 
Sweet Charlie) were stored under two temperature regimes (semi-constant and 
fluctuating) simulating conditions previously measured by us and typically 
encountered during ground and in-flight perishable handling operations. The 
objective of this work was: 1) to study the effects of commercial temperature 
regimes on the quality of strawberries throughout the handling chain; 2) to 
determine which of the handling procedures was primarily responsible for quality 
losses; and 3) to determine which quality parameter(s) limits the salability of 
strawberries. Weight loss, appearance, and chemical composition were evaluated for 
every step of handling simulation. Uniformly bruised and bruised + inoculated fruit 
were evaluated for decay incidence. Strawberries stored in semi-constant 
temperature lost less weight, had better visual ratings for color, firmness, and 
shriveling, had less incidence of bruising, and had higher pH and ascorbic acid 
content, lower acidity and anthocyanin content, and equivalent soluble solids content 
compared with those stored in fluctuating temperatures. Bruised and bruised + 
inoculated strawberries stored in semi-constant temperature had less decay at the 
retail display level than those stored in fluctuating temperatures. Poor color 
(darkening), softening, shriveling, and bruising were the main factors that limited 
the salability of the strawberries. Greater losses in quality occurred during 
simulation of the airport handling operations, in-flight and retail display than 
during warehouse storage at the grower, truck transportation to or from the airport, 
or during backroom storage at the supermarket. Strawberries from the fluctuating 
temperature regime were considered unmarketable before exposure to retail 
conditions, while those from the semi-constant temperature treatment were still 
acceptable after 24h in the retail display. The results indicate that fluctuating and/or 
high temperatures that are often encountered during handling operations, even if 
the duration is very short, may result in rejection of a whole load of strawberry. 
 
INTRODUCTION 

Strawberries are one of the fruits most often transported by air (Nunes and Emond, 
1999a). However, temperature abuse that occurs during commercial handling and, in 
particular, air shipment of strawberries often results in loss of quality. In fact, during 
airport operations, loading, unloading, air or truck transportation, warehouse storage or 
retail display, horticultural commodities often suffer from temperature abuse either due to 
difficulties in controlling temperature, absence of refrigerated facilities, or lack of 
information about produce characteristics and needs. In a previous study, Emond et al. 
(1999) showed that environmental conditions during airport operations could be very far 
from the optimum for fruits and vegetables. For example, observations at the Miami 
airport showed that containers stand in line a minimum of 2h before loading under 
temperatures of 30 °C or higher (Villeneuve et al. 1999). Also, temperatures during flight 
are quite variable, but an average of 18 °C is often encountered inside the containers, for 
example as measured during a typical 13-h flight (i.e., Wellington-New Zealand to Los 
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Angeles-USA) plus taxi operations of a minimum of 4h (2h taxi before take-off plus 2h 
taxi after landing). Furthermore, fluctuating temperatures that are usual during 
distribution of fresh horticultural crops are also detrimental to the quality. For example, 
Nunes and Emond (1999b) showed previously that strawberries stored in fluctuating 
temperatures had higher weight loss and pH, and lower firmness and glucose content than 
those stored in constant temperature. In addition, temperature fluctuations during 
handling can result in water condensation on the surface of the commodities, causing an 
increase in the development of decay by fungal and bacterial pathogens. Finally, 
strawberries are often displayed without refrigeration at the retail store and temperatures 
are seldom adequate in cooled display cabinets (LeBlanc et al., 1996; Villeneuve et al., 
2002). For example, a previous study showed that temperatures between 8 and 12 °C and 
higher air-flow compared to that in open displays may easily be encountered in cabinet 
displays and, after exposure for 6h to such conditions, broccoli was no longer be 
acceptable for sale (Nunes et al., 1999).  

The objective of this work was: 1) to study the effects of commercial temperature 
regimes on the quality of strawberries throughout the handling chain; 2) to determine 
which of the handling procedures was primarily responsible for quality losses; and 3) to 
determine which quality parameter(s) limits the salability of strawberries. 
 
MATERIALS AND METHODS 

‘Sweet Charlie’ strawberries were obtained from a commercial grower near Floral 
City, Florida. Two harvests/experiments were conducted during the 2000 winter season. 
Strawberries were harvested in the morning, packed in fiberboard flats containing 12-pint 
(0.473 liter) clamshells, removed from the field with minimal delay after harvest, and 
transported to the laboratory in Gainesville within approximately 2h. Fully red fruit were 
selected for uniformity of color and freedom from defects, grouped into six replicate 
samples of 10 berries, weighed, redistributed into clamshells, and replaced into the flats. 
Three flats per treatment containing two clamshells with 10 fruit each (for the treatments) 
plus 10 clamshells with the same number of fruit to complete the flat were then placed in 
controlled temperature rooms and each covered with a transparent plastic sheet in order to 
minimize air movement. Handling times and temperature regimes are shown in Table 1 
and were chosen as representative of our measurements (unpublished) at each handling 
step represented and taken over a 5-year period. Weight loss and appearance were 
evaluated for every step of the handling simulation. Chemical composition of the fruit 
was evaluated at harvest and after simulated retail display (99h) using three randomly 
selected 20-fruit replicates per temperature regime, each representing six flats. Bruised 
and bruised + inoculated fruit were also evaluated for decay incidence at every step of the 
handling simulation. 
 
Bruising Procedure 

Strawberries were bruised using a 1.98-cm diameter, 31.85-g steel ball, which was 
dropped from 61 cm measured from the fruit upper surface, using a 58 cm long by 2.06 
cm inside diameter PVC tube on a ring stand with porcelain base (Siriphanich, 1980). 

 
Inoculum Preparation and Inoculation Procedure 

Botrytis cinerea was isolated from diseased strawberries and grown on potato 
dextrose agar (33 g liter-1). The fungus was grown at 24 to 26 °C under fluorescent lights. 
After 5 to 6 days, the plates were transferred to the dark for 24 or 30h. Finally, the fungus 
was exposed to UV light for an additional period of 4 to 6 days to stimulate sporulation. 
The resulting spores were rinsed from the plates in 5 ml of sterile distilled water 
containing two drops of Tween 20 (Sigma-Aldrich, St. Louis, MO, USA). The suspension 
was filtered through a cotton cloth and spore concentration was established based on 
optical density at 490 nm. The spore concentration was diluted with sterile distilled water 
to 1×105 conidia ml-1 and each fruit received one inoculation at the bruised region with 1 
ml of the aqueous spore suspension containing the conidia. 
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Quality Evaluation 
1. Weight Loss. Weight loss was calculated from the initial weight of six individual 
replicated samples of 10 strawberries each and after every step of handling.  
2. Color. Color of each individual strawberry was assessed using a 1 to 5 visual rating 
scale where 1 = ¾ colored to full light red, 2 = fully red, 3 = dark red, 4 = overripe (very 
dark red), 5 = extremely overripe or senescent. 
3. Firmness. Firmness of each individual raspberry was assessed using a 1 to 5 tactile 
rating scale where 1 = very firm and turgid, 2 = firm, 3 = more soft than firm, 4 = soft and 
leaky, 5 = very soft and deteriorated. 
4. Shriveling.  Shriveling of each individual strawberry was assessed using a 1 to 5 visual 
rating scale where 1 = field-fresh, 2 = minor signs of shriveling, 3 = shriveling evident, 4 
= severe shriveling, 5 = extremely wilted and dry, not acceptable under normal 
conditions. 
5. Decay and Bruise Incidence. Recorded by counting the number of berries with the 
presence of decay/bruising. A total of 60 intact fruit per treatment were evaluated for 
bruising incidence and the same number of bruised and bruised + inoculated fruit were 
evaluated for decay incidence at each simulated handling step. 
6. Soluble Solids Content (SSC), pH and Titratable Acidity (TA). SSC, pH, and TA of 
three juice samples per treatment were determined according to Nunes and Emond 
(1999). 
7. Total Anthocyanins. The total anthocyanin content of three juice samples per 
treatment, were determined by the method of Spayd and Morris (1981). 
8. Total Ascorbic Acid. For total ascorbic acid analysis, three, 5.0-g aliquots of 
homogenized fruit tissue per treatment were combined with 100 ml of a mixture of 6% 
metaphosphoric acid and 2N acetic acid. The analysis was performed by the 
dinitrophenylhydrazine method of Terada et al. (1978). 
 
Statistical Analysis 

Data analysis was performed using the Statistical Analysis System computer 
package (SAS Institute, Inc., 1982). Data from the two harvests (weight loss and 
appearance) were combined and analyzed simultaneously as initial statistical analysis 
showed no difference between harvests. Significant differences among the treatments 
were detected using the least significant differences (LSD) at the 5% level of significance. 
 
RESULTS AND DISCUSSION 
 
Effects of temperature regimes on strawberry quality 

Weight loss of strawberries increased during handling, regardless of the 
temperature regime (Fig. 1A). However, after 26h, which corresponded to the time after 
simulated flight, weight loss was already significantly higher in fruit from fluctuating 
temperatures compared to those handled in semi-constant temperature. Similar results for 
weight loss of strawberries subjected to fluctuating temperatures were previously reported 
(Nunes and Emond, 1999). Following retail display, weight loss of the fruit was still 
below 6%, which is the maximum acceptable before strawberries become unmarketable 
(Robinson et al., 1975). The low weight loss observed during handling was most likely 
due to the packaging as well as the plastic liner used to minimize air movement. 

After 75h, which corresponded to the time following storage in the supermarket 
backroom, strawberries from the fluctuating temperature developed dark red color, were 
more soft than firm, had evident shriveling, and were considered unacceptable for sale 
(Fig. 1B). Nunes and Emond (1999b) reported previously that the flesh firmness of 
strawberries stored at constant temperature tended to be higher than that of fruit stored in 
fluctuating temperatures and Luoto (1984) pointed out that, when strawberries were 
transferred from low temperature storage to higher temperature, they tended to lose 
firmness. In the present study, strawberries from the fluctuating temperature would 
actually not have been acceptable to display under normal conditions and would have 
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been discarded even before reaching the consumer, while the appearance of the fruit from 
the semi-constant temperature was still acceptable following a 24-h retail display. 

The number of bruised fruit increased significantly after 19h, which corresponded 
to the period after waiting on the tarmac, particularly for the fruit from the fluctuating 
temperature regime (Fig. 2). The percentage of bruised fruit from the fluctuating 
temperature regime was almost 3 times higher than among fruit maintained continuously 
at 3ºC until this point (48.3% versus 16.7%, respectively). This resulted solely from the 
fact that fruit from the fluctuating temperature were exposed for short periods of time (1h 
at 10ºC + 1h at 20 ºC) to higher temperatures than the fruit from the semi-constant 
temperature regime, while simulating waiting time on the tarmac. Bruises were at first 
minor, but after 75h fruit from the fluctuating temperature regime were severely bruised 
and leaky. Although the percentage of bruising increased in the semi-constant 
temperature, bruises were minor and 100% of the fruit were still considered marketable 
after retail display (Fig. 2). However, due to objectionable color, firmness, shriveling, and 
bruises, only 18% of the strawberries from the fluctuating temperature were considered 
marketable following retail display.  

There was no evidence of brown spots or mycelium growth on any of the 
unbruised strawberries from either handling temperature regime after 99h. However, 
when intentionally bruised, 3.3% of the fruit from the fluctuating temperature showed 
severe brown discoloration and slight mycelium growth on the bruised area following 15h 
in retail display, increasing to 14.0% after 24h in retail display (Fig. 3A). Decay was 
minor (slight brown discoloration) and occurred in only 5.0% of the fruit from the semi-
constant temperature regime. When strawberries were bruised and inoculated a similar 
trend was observed in both handling regimes (Fig. 3B). Although decay incidence 
doubled in fruit from the semi-constant temperature regime following the 24-h simulated 
retail display compared to bruised-only fruit, decay symptoms were still minor (slight 
brown discoloration). However, in bruised + inoculated fruit from the fluctuating 
temperature regime, decay incidence increased almost 5 and 3 times following 15 and 24h 
in retail display, respectively, when compared to bruised-only fruit. Furthermore, decay in 
strawberries from the fluctuating temperature regime was more severe than in fruit from 
the semi-constant temperature regime as the fruit showed severe mycelium growth 
following 24h of retail display. 

After handling, strawberries from the semi-constant temperature regime had 
slightly higher pH and lower acidity than the fruit from the fluctuating temperature 
regime. However, there was no significant difference in the SSC of the fruit from those 
regimes (Table 2). Nunes and Emond (1999) reported previously that similar temperature 
regimes had no significant effect on the SSC content of strawberries. Total anthocyanins 
were higher in strawberries from the fluctuating temperature regime compared to the 
semi-constant regime after handling simulation (Table 3). In fact, fruit from the 
fluctuating regime were very dark red (overripe) following 24h in retail display compared 
to fruit from the semi-constant temperature, which were fully red to dark red after the 
same period of time (Fig. 1). In fact, the increase in anthocyanin formation during storage 
is known to be dependent on temperature and time, as pigments accumulated rapidly in 
strawberry fruit at 20°C compared to 5 or 10 °C (Kalt et al., 1993; Miszczack et al., 
1995). 

Ascorbic acid content of strawberries from the semi-constant temperature regime 
was slightly higher that that of fruit from the fluctuating temperature regime (Table 3). 
Nunes et al. (1998) reported previously that losses in ascorbic acid content of strawberries 
were much higher when fruit were stored at 20°C than at 1 or 10 °C. 
 
Handling procedures primarily responsible for quality losses 

Considering the data on weight loss and appearance of strawberries from the 
fluctuating regime, the increase in weight loss was highest during the 24-h retail display 
period. Changes in color, firmness, and shriveling were, however, more important during 
simulated air flight followed by retail display than in the other distribution steps. The 
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increases in percentage of bruised fruit were higher at the airplane and retail display 
levels compared to other points of handling. Therefore, in this particular strawberry 
handling procedure, greater losses in quality occurred during simulation of the airport 
handling operations, in-flight, and during retail display than during warehouse storage at 
the grower, truck transportation to or from the airport, or during backroom storage. 
 
Limiting quality factor 

After 75h, which corresponded to the time required to handle the fruit from the 
grower to the supermarket backroom, color, firmness, and shriveling of fruits from the 
fluctuating temperature regime reached minimally acceptable ratings before reaching the 
consumer (retail display) and were thus considered major limiting factors of strawberry 
fruit salability during simulated handling. Bruise incidence was also considered to be an 
important limiting factor in fruit from the fluctuating temperature regime as it reduced the 
percentage of marketable fruit to approximately 18% after retail display. 
 
CONCLUSIONS 

Poor color (darkening), softening, shriveling, and bruising were the main factors 
that limited the salability of strawberry fruit during simulated handling. Greater losses in 
quality occurred during simulation of the airport handling operations, in-flight, and retail 
display than during warehouse storage at the grower, truck transportation to or from the 
airport, or during backroom storage at the supermarket. Strawberries from the fluctuating 
temperature regime were considered unmarketable before exposure to retail conditions, 
while those from the semi-constant temperature treatment were still acceptable after 24 h 
in the retail display. The results indicate that fluctuating and/or high temperatures that are 
often encountered during air cargo handling operations, even if the duration is very short, 
may result in rejection of a whole load of strawberry. 
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Tables 
 
Table 1. Handling times and temperature regimes for strawberries. 
  Temperature (°C) 
Handling simulation Time (h) Semi-constant Fluctuating 
Harvest 0 - - 
Warehouse (grower) + Truck 17 3 3 
Tarmac 2 (19) 3 10 (1 h) + 20 (1 h)
Airplane 7 (26) 3 20 
Tarmac 1 (27) 3 RT* (≈ 23°C) 
Truck + Warehouse (distribution center) 
+ Truck 

24 (51) 3 3 

Backroom (supermarket) 24 (75) 8 8 
Retail display 15 (90) 20 20 
Retail display 9 (99) 20 20 
Total time 99   
*RT=Room temperature. 
 
 
 
 
 
Table 2. The pH, acidity, and SSC of strawberries from semi-constant and fluctuating 

temperature regimes during simulated handling. 
 pH Titratable acidity (%) SSC (%) 
Time SC* Fluctuating SC Fluctuating SC Fluctuating
First harvest 
At harvest 3.9 3.9 0.83 0.83 7.6 7.6 
Retail 3.7 3.6 0.88 0.90 6.7 6.6 
LSD0.05 0.07  0.02  0.17  
Second harvest 
At harvest 3.7 3.7 0.99 0.99 6.9 6.9 
Retail 3.7 3.6 1.05 1.10 6.9 6.6 
LSD0.05 0.03  0.05  0.4  
*SC=Semi-constant temperature regime. 
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Table 3. Anthocyanin and ascorbic acid (AA) content of strawberries from semi-constant 
and fluctuating temperature regimes during simulated handling. 

 Anthocyanin (mg PGN·100g-1 FW)** AA (mg·100g-1 FW) 
Time SC* Fluctuating SC Fluctuating 
First harvest     
At harvest 0.165 0.165 75.25 75.25 
Retail 0.141 0.162 65.35 63.33 
LSD0.05 0.02  1.95  
Second harvest     
At harvest 0.103 0.103 60.13 60.13 
Retail 0.093 0.135 57.27 53.93 
LSD0.05 0.02  0.98  
*SC=Semi-constant temperature. **PGN=Pelargonidin-3-glucoside; FW=Fresh weight. 
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Fig. 1. Weigh loss (A), and color, firmness and shriveling (B) of strawberries from semi-

constant and fluctuating temperature regimes during simulated handling. Dot line 
(visual rating of 3) represents the limit of acceptability for sale. SC=semi-constant; 
F=fluctuating. 
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Fig. 2. Bruise incidence in strawberries from semi-constant and fluctuating temperature 

regimes during simulated handling. 
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Fig. 3. Decay incidence in bruised (A) and bruised + inoculated (B) strawberries from 

semi-constant and fluctuating temperature regimes during simulated handling. 


