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Bell peppers can be easily bruised and cracked during postharvest handling, which can include a number of transfers
during typical harvest, handling, and packinghouse operations. Pepper handlers have reported that peppers harvested
during wet, rainy conditions, especially in cold weather, are more susceptible to bruising during harvest and handling.
Peppers at the mature-green stage were harvested early in the morning and equilibrated to 5, 10, 15, 20, or 25 °C (41,
50, 59, 68, or 77 °F) within 1 h after harvest by immersion in water. Drop test damage evaluation and measurement of
the bioyield force required to break the carpel wall showed that peppers are more susceptible to bruising at less than
or equal to 15 °C than they are at 20 °C or above. Peppers were also harvested before sunrise after several days of rain
(thus fully turgid) and bruising susceptibility was measured initially and after storage for up to 26 h at 5 or 25 °C to
achieve different amounts of water loss. Bruising susceptibility was lower in peppers that had lost more than about
3% of their original weight.

Bell pepper is a popular vegetable in the U.S., and Florida breaking the skin, similar to bruises incurred during commercial
produced about 30% of the annual crop with about 40% of the handling (Fig. 1). They determined that the stem-end shoulder
crop value during 2008–2010 (USDA NASS, 2011). Bell peppers lobes are significantly more susceptible to cracking and bruising
are quite susceptible to mechanical injury, which is manifested than the blossom-end lobes, and therefore could serve as the most
as abrasions, bruises, cuts, punctures, and cracks. This is an sensitive injury indicator in pepper handling studies.
important issue because the U.S. Standards for Grades of Sweet
Sargent et al. (1992) used an Instrumented Sphere (IS) force
Peppers (USDA AMS, 2005) allow a total tolerance of only 10% accelerometer and data logger (Techmark Inc., Lansing, MI) to
for defects, including 5% for serious damage, for Fancy and U.S. analyze tomato and bell pepper packing lines and mobile pepper
No. 1 grade bell peppers. Field-grown, fresh market peppers are field pack units for the potential of different transfer points to
typically hand harvested at the mature-green stage by removal cause mechanical injury to the fruit. While they did not deterfrom the plant and dropping into plastic buckets, then transferred mine the impact thresholds for pepper bruising, they concluded
into bulk field bins for transport to the packinghouse, where Fig.  1.  Photograph  showing  bruising  of  green,  ‘Jupiter’  bell  peppers  with  severity  ranging  from  0  -‐  ‘none’
they that each transfer point in a handling system has the potential to
are introduced onto the packing line by a hydraulic (dry) dump
inflict injury, especially considering the probability of multiple
to  9  -‐  ‘extreme’  that  was  used  to  assist  in  assigning  bruising  severity  scores.
onto a conveyor belt. On the packing line, the peppers undergo
several transfers that may involve vertical drops onto steel plates,
low angle projections onto rollers, rolls into steel walls at turns in
the packing line, drops into shipping cartons, along with various
fruit-to-fruit impacts. Injuries resulting from these impacts are
often not visible externally as it is the underlying tissues that are
bruised, cracked or crushed.
Showalter (1973) developed a method to measure the firmness
of green bell peppers by measuring the deformation at the equatorial region of the fruit under a maximum 10-lb force applied with
a 0.5-inch-diameter steel rod. He noticed that the internal tissues
of some freshly harvested peppers were broken when force in the
range of 8 to 10 lb was applied. Hampshire et al. (1987) found
that whole fruit firmness and side wall flesh bioyield points of
bell peppers declined exponentially during 35 d of storage at 5.6
°C (42 °F) and 95% relative humidity, irrespective of fruit dimensions or mass. Sargent et al. (1990) determined the sensitivity
of the lobes of pepper fruit to deformation. In those studies, a
14.3-mm-diameter convex-tip probe was used to determine the
bioyield point that occurred when the carpel wall cracked without
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Fig. 1. Photograph showing bruising of green, ‘Jupiter’ bell peppers with severity
ranging from 0 (“none”) to 9 (“extreme”) that was used to assist in assigning
bruising severity scores.
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impacts occurring at the same location on a fruit. Marshall and
Brooks (1999) also used the IS to study pepper bruising during
postharvest handling and recommended that drop heights should
be limited to 8 cm (3 inches) where peppers impact a hard surface
and 20 cm (8 inches) for a cushioned surface.
In the course of analyzing pepper packing lines, we noticed
that bruising seemed to be more prevalent when the peppers
were harvested during cold and wet conditions (Brecht and
Sargent, 1995). This observation was supported by discussions
with pepper growers and packers, who related to us that they
have learned to delay harvesting peppers under such weather
conditions until later in the day so that the fruit can dry off and
warm up to some extent before being harvested and run over a
packing line. Therefore, this research was conducted in order to
better understand the relationship between the temperature and
turgidity of bell pepper fruit and their susceptibility to mechanical damage caused by impacts during harvesting, grading, sizing,
and packing operations.
Materials and Methods
Source

of plant material and harvest and handling

procedures.

Large size (45–50 count in a 1 1/9-bushel carton;
USDA AMS, 2005), green, ‘Jupiter’ bell peppers were harvested
during the spring growing season, beginning at dawn to assure
fully turgid condition from a commercial farm located in La
Crosse, FL, approximately 26 km (16 miles) from the University of Florida (UF) campus in Gainesville. In the field, the fruit
were placed into zipper lock plastic bags containing moist paper
towels, collected into ice chests, and transported by car to the
UF Postharvest Horticulture Laboratory. At the laboratory, the
peppers were sorted for uniformity of size and freedom from
defects and damage. The peppers were equilibrated to the treatment temperatures within 1 h of harvest by immersion in water
in insulated chests that had been held for 24 h prior to the start
of the experiments in controlled temperature rooms. The fruit
were then held at the desired temperature for up to 6 h in zipper
lock plastic bags containing moist paper towels until they were
tested for bruising susceptibility.
Temperature effects on tissue bioyield force and bruising
severity. An initial test was conducted using freshly harvested,
green, ‘Jupiter’ bell peppers equilibrated to 5, 15 or 25 °C (41,
59, or 77 °F); the fruit were held in plastic bags with the opening
loosely folded over to minimize water loss. After 0, 1, or 2 d, 10
peppers per storage temperature were removed from the controlled
temperature rooms, one fruit at a time, and the bioyield force was
measured without delay at ambient laboratory temperature of 24
to 25 °C. The bioyield force in Newtons (N) was measured using an Instron Universal Testing Machine (Model 1132; Instron
Corp., Camden, NJ). Each pepper was cut in half so that the upper
(shoulder) surface would be parallel to the Instron platform on
which the resulting fruit halves were placed. A 14.3-mm-diameter
convex-tip probe was centered over a lobe and driven into the
tissue at a speed of 10 mm·min–1 and the bioyield force (when
tissue failure occurred) was recorded in N. Measurements were
taken on two shoulder lobes per fruit. After measuring the bioyield
force, the diameter of each fruit was measured to the nearest mm
and carpel wall thickness was measured to 0.1 mm with calipers.
An equatorial ring approximately 5 mm thick was dried to constant weight in a forced draft oven at 60 °C for determination of
percent dry weight.
In a subsequent test, bruising susceptibility was determined by
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drop tests conducted using peppers equilibrated to 5, 10, 15, 20,
or 25 °C (41, 50, 59, 68, or 77 °F). Prior to conducting the drop
tests, a 6-mm-diameter cork borer was used to make a drainage
hole in the blossom end of each fruit and the fruit were shaken to
remove any water that was present inside the fruit due to infiltration while they were submerged for equilibration to the treatment
temperatures. Stems were trimmed below the lobes. For the drop
tests, individual peppers (20 per temperature) were suspended by
inserting a fishing hook with thread into the diagonally opposite
blossom end lobe. Each fruit was dropped twice from a height of
15 cm (6 inches) onto a shoulder lobe to impact a massive [17.2
kg (37.8 lb), 2.54-cm (1-inch) thick] steel plate. After 24 h at 25
°C, the severity of the resulting bruises was rated on a scale of 1
(no bruise) to 9 (extreme) using the descriptors shown in Table 1
and by comparison to a composite photograph (Fig. 2).
Tissue water status versus bruising severity. Large size,
green, ‘Jupiter’ bell peppers were harvested at the same commercial farm in La Crosse before sunrise, after several days of
Table 1. Rating scale for bell pepper bruising severity.
Score
Description
1		
None; no bruise
2		
<0.5 cm (0.2 inch) fracture visible as a light-colored area
3		
Slight; a crease in the tissue visible under skin
4		
Semicircular fractured area (approx. ¼ to <½ circle) visible
5		
Moderate; semicircular fractured area (approx. ½ circle)
		
visible
6		
Semicircular area (>½ circle to full circle) with center
		
undamaged
7		
Severe; circular area with center damaged, but not watersoaked10
8		
Circular area with <½ of center watersoaked
9		
Extreme; circular area with >½ of center watersoaked
Fig.  2.  External  and  internal  views  of  a  severe  bruise  on  a  shoulder  lobe  of  a  green  bell  pepper  that  was
inflicted  during  postharvest  handling.

Fig. 2. External and internal views of a severe bruise on a shoulder lobe of a green
bell pepper that was inflicted during postharvest handling.
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Temperature effects on tissue bioyield force and bruising
In the initial test with peppers equilibrated to 5, 15, or
25 °C, there was no effect of fruit size or carpel wall thickness on
the bioyield force; fruit diameter ranged from 72 to 108 mm and
pepper wall thickness varied from 4.3 to 6.1 mm. The percent dry
weight did not vary significantly in terms of storage temperature
or storage time and had no significant effect on bioyield force.
However, pepper temperature significantly affected the bioyield
force; peppers at 25 °C required more than 20% greater force
for tissue failure to occur than peppers at 5 or 15 °C (Table 2).
The average bruise severity rating for peppers dropped at 15,
20, or 25 °C was 4.8 (Fig. 3). However, when the pepper temperature was 5 or 10 °C when dropped, the bruise severity was
significantly greater, averaging 6.5. Although drop tests showed
greater susceptibility of peppers to bruising at 5 or 10 °C than
at higher temperatures, there was no difference in bioyield force
between peppers at 5 and 15 °C. This difference may indicate
that bioyield force is not as sensitive an indicator of bell pepper
bruising susceptibility as drop tests.
Kaaya (1995), using the same procedure for measuring bioyield
force as in the present study, found a negative correlation between
bioyield force and carpel wall thickness and a positive relationship
between bio-yield force and percentage dry matter, and suggested
that cell size and cell wall thickness play major roles in bruising susceptibility of bell pepper fruit. Although those results are
contrary to our findings, they were based on a wider range of data
collected over multiple growing seasons and 4-fold N fertilization
rates. Sargent et al. (1990) found that there was no difference in
bioyield force at the blossom end for peppers that had three or
four blossom end lobes. Since the peppers used in that study were
selected to be of similar size, our assumption was that curvature
severity.

Table 2. Bioyield force measured at the stem end of green, ‘Jupiter’ bell
peppers after equilibration to 5, 15, or 25 °C. Different letters indicate
significant treatment differences at P = 0.05 that were determined
using Duncan’s multiple range test.
Pepper temp
Bioyield force
(°C)
(N)
Pr > F
5		
30.7a
0.001
15		
31.3a
25		
37.5b
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9

Bruise Severity (1-9 scale)

Results and Discussion

of the lobes was sharper when there were four lobes. The results
reported here suggest that, within a particular harvest lot, fruit
temperature at impact may have a greater effect on susceptibility
to bruising than the size and structure of the peppers.
Tissue water status versus bruising severity. The relationship of bruise severity versus percent water loss (Fig. 4) was best
described by a third order polynomial (P < 0.0000001). Fully
turgid peppers that had lost up to 3.26% of their initial, at-harvest
weight, had bruise severity ratings that averaged about 4 or higher
after being dropped from a height of 15 cm at 25 °C (Fig. 4). In
contrast, peppers that had lost an average of 4.9% or 6.0% of their
initial weight had lower bruise severity, with ratings averaging
between 2 and 3. These results corroborate the observations of
pepper growers and packers that peppers are more susceptible to
bruising early in the morning and during and after rainy weather,
conditions that favor high turgor pressure in the pepper tissue.
In conclusion, green bell peppers are more susceptible to bruising at temperatures less than 15 °C than at higher temperatures.
In addition, bruising susceptibility of peppers is higher when the
tissue is turgid, or only slightly dehydrated, and is lower when
peppers lose more than about 3% of their fully turgid weight. Thus,
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Fig. 3. Bruise severity rating (1–9 scale) for green, ‘Jupiter’ bell peppers
equilibrated to different temperatures and dropped twice from 15 cm onto
shoulder lobes. The bruise severity rating for each temperature represents the
mean of 40 measurements (two drops each on a sample of 20 fruit). Different
letters indicate significant treatment differences at P = 0.05 determined using
Duncan’s multiple range test.
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Bruise Severity (1-9 scale)

rain (thus, fully turgid). The peppers were equilibrated to 5 or 25
°C, dried with paper towels, and weighed. Bruising susceptibility
was measured initially and after holding peppers for 14 or 26 h
at 5 or 25 °C, using drop tests at 25 °C as described above; fruit
were re-weighed prior to dropping to determine per cent water
loss. Peppers held at 5 °C were allowed to warm to 25 °C before
being dropped.
Statistical analysis. The experiments used completely randomized designs with either temperature or percent water loss
as the independent variables. Data were analyzed by analysis of
variance (ANOVA) and significant relationships determined using
the Statistical Analysis Systems computer package (SAS Institute
Inc., Cary, NC). For ANOVA, F values were used to determine
the significance of the dependant variables, diameter, percent
dry weight, wall thickness, and bioyield force or bruise severity.
Significant differences between treatments were determined using
Duncan’s multiple range test at P = 0.05.
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y = 0.1161x3 - 1.1116x2 + 2.3026x + 4.0426
R² = 0.9835
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Fig. 4. Bruise severity ratings (1–9 scale) for green, ‘Jupiter’ bell peppers that were
initially fully turgid, then equilibrated to 5 or 25 °C and held for different times
up to 26 h to achieve different amounts of water loss. The peppers were then
dropped twice from 15 cm onto shoulder lobes at 25 °C. Each point represents
the mean of 20 measurements (two drops each on a sample of 10 fruit).
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we recommend that peppers should be harvested and handled
carefully when weather conditions are cool and rainy, or, if possible, harvest should be delayed until some time after rainfall has
ceased and when air temperatures have increased to above 15 °C.
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