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Bruise Susceptibility and Impact on
Quality Parameters of Pears During
Storage

Pankaj B. Pathare* and Mai Al-Dairi

Department of Soils, Water and Agricultural Engineering, College of Agricultural and Marine Sciences, Sultan Qaboos
University, Muscat, Oman

Bruise damage is one of the mechanical injury problems that could appear in fresh
produce during the post-harvest supply chain. The study investigated three main effects
(drop impact level, storage temperature, and storage duration), which can expand the
level of bruising and cause some quality changes that contribute to the damage of pear.
Pear fruit samples were purchased from the market and delivered to the post-harvest
laboratory. Each pear was impacted by a ball with a known mass at three different
drop heights (20, 40, and 60cm), stored at 22°C with 45 £ 5% RH and 10°C with
85 + 5% RH for 14 days storage period. Bruise area (BA), bruise volume (BV), and
bruise susceptibility (BS) were calculated. Different quality analyses were done like
color, firmness, and total soluble solids (TSS). Analysis of variance (ANOVA), regression
analysis, and pearson correlation coefficient were performed. With increasing drop height
and temperature for 14 days storage, BA, BV, BS, lightness (L*), yellowness (b*), color
saturation (Chroma), and total color difference increased. However, firmness was highly
reduced (92.82%) due to the increase in drop height (60cm), storage temperature
(22°C), and storage duration (14 days). Color purity (Hue), redness (a@*), and TSS were
not affected by drop height (impact level). A strong relationship with a strong linear
regression (R?) was found between BS and CIE L*, a*, and b* color coordinates.
A positive and strong correlation was also found between BS and CIEL*a*b* color
parameters with a strong and negative correlation with firmness. Overall, this study can
be considered as guideline for horticulture researchers and in fresh produce supply chain
during post-harvest operations.

Keywords: bruising, color, firmness, drop height, pear, storage temperature

INTRODUCTION

Pear (Pyrus spp.) ranked second among the fruit produced and consumed in the world (Lipa et al.,
2019). Pears are among the highly perishable agricultural products and have a lower storability
compared to an apple, and at the same time, they are sensitive to inappropriate conditions during
harvest, transport, and reloading. Impacts cause irreversible damage to the external and internal
structure, consisting mostly in the mechanical deformation of both the fruit peel and the spatial
deformation of flesh cells. The attractiveness of the pear is determined by the lack of mechanical
defects on the fruit surface. As reviewed by Hussein et al. (2020b), bruising is the most common type
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of mechanical damage that reduces fruit quality and causing
considerable post-harvest losses. The presence of bruising and
other types of mechanical damage (cuts, puncture, split, abrasion)
causes significant economic loss of fresh produce due to
downgrading or rejection of the appearance quality by the
consumer. Besides, bruising can result in weight loss in fruit
and vegetable and hence a decrease in their market value. So,
minimizing the post-harvest losses and enhancing the storage
potential are the major goals for growers.

Bruising is the most prevalent form of mechanical damage
in many fruits, which is caused largely by excessive impact
and/or compression forces concentrated on a small area of
the fruit surface against a rigid body or fruit against fruit
mainly involved during mechanical handling (Pathare and Al-
Dairi, 2021). Furthermore, bruise damage modifies physiological
and metabolic processes, leading to faster ripening, internal
browning, and quality losses (Opara and Pathare, 2014; Costa
et al., 2018; Hussein et al., 2019). Minor bruise damage on
the “Galaxy” apple resulted in a decrease in firmness and fruit
browning (Ergun, 2017). Similarly, bruising damage accelerated
loss of firmness and the ratio of sugar to acid for Yali pears
(Li et al., 2012). Bruising reduced firmness and weight loss of
packaged kiwifruit after 10 days of storage (Xia et al., 2020).
Decreased weight of the fruit and the unsightly shriveling
lead to economic losses (Al-Dairi et al., 2021d). As one of
the important quality attributes in fruit production, the fruit
weight influences not only consumer preference but also the
marketing of fresh fruit (Al-Dairi et al., 2021a). Impact bruising
resulted in both the qualitative internal and minor external
changes on fresh produce, including changes in citric acid
content (Hussein et al., 2020b), soluble solid content, (Gao
et al., 2021), respiration, and ethylene production (Xia et al,
2020).

Opara and Pathare (2014) highlighted the importance of
bruise damage measurement or analysis in aiding interventions
to inhibit quality changes. Recently, Hussein et al. (2020b)
reported 40% weight loss of bruised pomegranate fruit during
long cold storage. Bruising of fresh fruits during harvest and
post-harvest processing is a major problem in the horticultural
industry, particularly on fruit such as pears, which are
highly sensitive to mechanical damage (Komarnicki et al,
2016). Damage is largely a result of the impact, particularly
during sorting, grading, and packing operations. Based on our
knowledge, the majority of the studies focused on the impact
of bruising on pear and other fresh produce stored at one
storage condition. However, the current study comprises the
effect of different drop heights (20, 40, and 60 cm) and two
storage temperature (10 and 22°C) for 14 days experimental
period on pear quality changes. This can help to understand
the mechanism of bruising and how to reduce it. Therefore, the
objective of this study is to determine the extent of bruising
[bruise area (BA), bruise volume (BV), and bruise susceptibility
(BS)] and other quality attribute changes [color, firmness, and
total soluble solids (TSS)] of pear as affected by drop impact
levels, storage temperatures, and storage duration for 14 days.
Besides, regression analyses between BS and the studied quality
attributes during 14 days of storage were done.

MATERIALS AND METHODS

Pear Sample Preparation

Fresh pears Pyrus communis, variety “D’Anjou,” were purchased
from the market (23°35/10.5"N latitudes and 58°12/07.0"E
longitudes) and directly transported to the post-harvest
laboratory at Sultan Qaboos University (23°35/25.1"N latitudes
and 58°10707.9"E longitudes), Sultanate of Oman. A total of 129
pears were selected based on their uniform color, shape, and
surface condition (with no defects and blemishes or bruising).
The average weight of each sample selected was 163.12 4= 4.26 g.
Before bruising and storage study, the pear samples on the initial
day (0 day) were tested for color, firmness, and TSS analysis.

Bruise Size Measurements of Pear Using
Drop Test Method and Storage Conditions

Pear fruits were bruised using the drop test method described by
Pathare and Al-Dairi (2021) (Figure 1). This technique includes
a free fall of a steel ball of a known mass (110 g) through PVC
hollow pipe into every individual pear from 20 cm (low), 40 cm
(medium), and 60 cm (high) drop heights. The ball was fixed by
hand after each drop to prevent multiple impacts into pears.
After the drop test, all bruised areas on pears were
marked to simplify bruise recognition during measurements.
To calculate the impact energy (E;) resulted from drop impact,
the equation used by Hussein et al. (2017) was performed as

Hollow pipe

60 cm

Drop height, h

40 cm | |

20 cm

Steel ball impactor, m=110 g
r'g
Pear
Sy D @

FIGURE 1 | Schematic experimental setup.

e
o O O O O O

TABLE 1 | Experimental drop height and energy produced.

Drop height (cm) Impact energy (J)

20 0.215
40 0.431
60 0.647
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follows (Equation 1):
Ei=my x g x h(]) 1)

where myis the mass of dropped ball (110 g), g is the gravitational
constant (9.81 m s~2), and h is the drop height in cm. Table 1
shows the impact energy generated from different drop impacts.
To perform bruise measurements, pears were sliced from the
middle of the marked Bruised area. Bruise sing was recognized by
the presence of noticeably bruise tissue exist on the marked area
of the pear. Digital caliper (Model: Mitutoyo, Mitutoyo Corp.,
Japan) was used to measure bruise diameter (d) like major and
minor width (wl and w2), respectively, and bruise depth (k)
(Figure 2). Bruise size results were presented in the form of
Bruise area (BA) (Equation 2), Bruise volume (BV) (Equation
3) (Opara and Pathare, 2014), and Bruise susceptibility (BS)
(Equation 4) (Hussein et al., 2019).

BA = % X wiw, (mm?) (2)
2
BV = ”ihb (m?) (3)
_ BV s
BS E, (m’]™) (4)

The samples were divided and stored at 10°C (85 £ 5% RH) and
22°C (45 £ 5% RH) (65 pear samples per storage condition) at 2
days interval for 14 days to study bruise development and quality
changes on pears like color, firmness (unbruised area), and Total
soluble solids (TSS). Each storage condition consisted of three
groups of different drop heights, where each of them consisted
of seven subgroups for storage duration (temporal) assessment.
The temperature meter (Model: TES 13604, TES Electrical Corp.,
Taiwan) was used for daily monitoring of temperature and
relative humidity. Visual observations were taken to observe the
incidence of bruising and other quality changes of pear.

FIGURE 2 | Bruise measurements (A) bruise diameter and (B) bruise depth.

Pear Quality Response

Color

Pear fruit surface color was measured using a Colorimeter
(Model: CR-310, Minolta, Japan), which was calibrated using
a white plate (L* = 93.90, a* = 3.13, b* = 3.20). Color
measurements were conducted six times per sample (108 reading
a day) for 14 days of analysis to obtain the changes of L*
(lightness-darkness), a* (redness-greenness), and b* (yellowness-
blueness) subjected to different impact levels at 10 and 22°C.
Total color differences (AE*) (Equation 5), Chroma (Equation
6), and Hue (Equation 7) were also calculated using the equations
explained by Pathare et al. (2013):

AE* = \/Aa*z + Ab*? + AL*? (5)
Chroma = \/ a** + b** (6)
b*
Hue = tan™! <—> (7)
a*

Firmness

Firmness was performed by penetrating the middle region of pear
fruit by using a hand penetrometer (Model: FT 327, EFFEGI,
Italy) at 2 days interval of the experiment and expressed in N by
following the standard procedure of OECD (2018).

Total Soluble Solid

According to OECD (2018), TSS °Brix of pear was measured
using a hand-held refractometer and was calibrated at 20°C. For
each pear sample, two longitudinal slices were taken (from two
opposite sides). Each slice was squeezed longitudinally to obtain
a mixture of juice from all regions. From each group, 6 readings
of TSS were taken (36 readings per day).

Statistical Analysis

To turn all statistical analysis, SPSS 20.0 (International Business
Machine Crop., USA) software was performed. Three-way
analysis of variance (ANOVA) was applied to investigate the
effect of three independent variables (drop impact height,
storage temperature, and storage duration) on several dependent
variables (BA, BV, BS, color changes, firmness, and TSS
properties). The significant differences were determined at p <
0.05, and the values of all properties are presented as average &
standard deviation (S.D.). Regression analyses were performed
to determine the relation between BS with color parameters (L*,
a*, and b*) and firmness. Pearson correlation coefficient was also
performed to study the relationship between all resulted analyses.

RESULTS AND DISCUSSIONS

Bruise Measurements

Effect of Drop Height, Storage Temperature, and
Storage Duration on BA, BV, and Impact Energy of
Bruised Pears

Table 2 shows the values of BA (mean + Sd) and BV (mean
£ Sd) of selected pear fruits at different heights and storage
temperatures for 14 days period. In this study, BA and BV of
bruised pears were highly increased (p < 0.05) with the increase
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14
132 + 11

219.8 + 15.9

283.1 +£42.6

153.8 £ 22.4

260.4 £+ 152.2

431.6 + 34.3
1.7 x 1074 £ 5.8 x 10*
6.1 x 1074 +£ 1.2 x 10°
1.2 x 1078 £ 4.3 x 104
2.7 x 1074+ 4.7 x 10*
8.5 x 107* £ 1.1 x 10°
32 x 1078 £ 6.5 x 10*

12
131.1+£21.9
214.9 +£40.6
279.8 +£34.3
162.9 +13.3
213.4 £ 45.0
411 +£92.5

1.6 x 1074 £ 4.2 x 10*
57 x107% +26 x 10*
1.2 x 107° +£3.8 x 10*
26 x 107 +£6.1 x 10*
57 x107% +£2.3 x 10*
2.8 x 1078 £ 1.8 x 10°

10

115.0 + 8.6

209.8 £ 52.9

2440 £ 421

1426+ 7.8

206.2 £+ 28.7

386.5 + 185.6
11 x 1074 £ 1.5 x 10*
53 x 1074 £ 2.4 x 104
8.9 x 107% £3.8 x 104
22 x107% + 4.6 x 10*
52 x 107% £ 1.6 x 104
24 x10%+25 x 10°

Storage days
8

114.9+9.8

203.1£ 59.3

243.7 £19.3

135.2+ 29.3

202.9 + 86.9

2952 +74.8
1.0 x 1074 £ 1.6 x 10*
4.9 x 107 £ 3.3 x 10*
8.9 x 1074 + 3.3 x 10*
2.1 x107* +9.9 x 10*
51 x107* £ 5.5 x 10*
1.4 x 1078 £ 4.5 x 10*

1182 +£4.3
189.8 £ 31.0
242.0 +44.9
1156.84+ 14.5
157.2 + 6.8
287.0 £ 25.2
9.9 x 107 £9.4 x 10°
41 %x10% +1.2 x 10*
6.9 x 1074 £2.7 x 10*
1.3 x 1074 £ 4.3 x 10*
3.4 x 107* £ 4.6 x 10*
1.3 x10°% +4.5 x 10*

4
108.5 +10.8
188.1 +£25.6
240.6 £ 49.6
109.2 £ 22.5
172.0+£27.4
260.6 + 62.5

88 x107°+25x 10*

6.9 x 1074 + 4.9 x 10*

11 x 1074 £ 4.9 x 10*

29 x10* +1.5 x 10*

9.2 x 107* £ 4.5 x 10*

140.6 +£8.3
99.4 + 6.8
169.2 + 26
204.6 + 51.5
6.6 x 107 £1.9 x 10*

95.7 £ 12
130.3 £ 31.6

1.7 x 1074 +£7.5x 10" 4.0 x 1074 £ 1.5 x 10*

21 x 1074 £2.2 x 108
8.6 x 107 £5.3 x 108
2.6 x 1074 +£ 8.6 x 10*
50 x 107* £ 2.1 x 10*

Temp. Height
(cm)
20

0
60
0
40
60
20
4
0
0

°C)
10
22
10
22

TABLE 2 | Bruise area and bruise volume of pear fruits impacted with three drop heights levels at two storage conditions during 14 days of storage.

Bruising
area

and volume
Bruising
area

(mm?)
Bruising
volume

(m®)

60

The data were expressed in mean =+ standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of three readings of three replicates.

of all investigated factors like drop height, storage duration, and
temperature condition. The highest drop height (60 cm, 0.647 J)
increased the average value of BA from 140.6 mm? on day 2 and
243.7 mm? on day 8 to reach 283.1 mm? on day 14 on pears
stored at 10°C. However, the BA was higher on pears stored at
22°C and impacted with the heights impact level (60 cm), where
BA was 204.6 mm? on day 2 and 295.2 mm? on day 8 to reach
431.6 mm? on day 14 (Table 2). Same trends of results were
shown on the BV of the pear fruits where high BV resulted on
pear impacted with the steel ball from 60 cm height stored at
ambient temperature condition followed by the one impacted
from 40 and 20 cm heights at both storage conditions. In the
current study, high storage temperature conditions and impact
energy during storage time slightly increased BA and BV. The
same findings were recorded in apples (Fadiji et al., 2016) and
pomegranate (Hussein et al, 2019). Shafie et al. (2017) also
revealed that BV and BA were highly influenced by drop height.
Similarly, Shafie et al. (2015) found an obvious tendency between
BV and storage time, impact level, and storage temperature.
Besides, Komarnicki et al. (2016) found that the maximum value
of BV reached 15,000 mm? (1.5 x 10~> m?), which corresponded
to impact from the height of 32.8 cm. However, Zarifneshat et al.
(2010) recorded that high temperature can reduce BV/damage
of apple.

Effect of Drop Height, Storage Temperature, and
Storage Duration on BS of Pear Fruit

A statistical difference (p < 0.05) was found between BS
and all other studied parameters such as drop height, storage
temperature, and storage duration (Figure 3). The results showed
that BS gradually increased with drop height at both storage
temperature conditions throughout storage duration (14 days).
The results also indicated that high storage temperature and
drop height for 14 days storage can elevate the percentage of
BS. Bruise susceptibility of pear fruit stored at 22°C reached the
maximum value with 5.0 x 1073 m? J=! for 60 cm drop height
followed by 2.7 x 1073 and 2.2 x 107% m® J~! for both 40 cm
and 20 cm drop heights, respectively (Figure 3B). However, less
BS was observed on bruised pears stored at 10°C, which was 1.9
x 1073, 1.4 x 10, and 1.3 x 1073 m3? J~! for high, medium,
and low drop heights, respectively, on the last day of storage
(Figure 3A). Celik (2017) indicated higher BS as pear subjected
to an impact from 1m heights. High storage temperature can
increase the occurrence of bruising in fresh produce as enzymes
are still active resulting in cell wall degradation and stiffness
(Ahmadi et al,, 2010). Bugaud et al. (2014) recorded a less
increment in BS of bananas stored at low temperature. Al-Dairi
et al. (2021b) observed a higher percentage of bruise damage on
tomatoes stored at room temperature. In contrast, Bollen (2005)
observed no signs of bruising on dropped apple after storing at
two different storage temperatures.

Pear Quality Response

Color

The measurements of CIE L*, a*, and b* color coordinates
were reported. In terms of storage days, the trend of all color
values was similar in all treated pears. L* value was varied
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FIGURE 3 | Bruise susceptibility of pear impacted at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions. The data
were expressed in mean + standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of three readings of three replicates.
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FIGURE 4 | L* value of pear impacted at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions. The data were
expressed in mean =+ standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of 18 readings per three replicates.

significantly (p < 0.05) with storage temperature, drop height,
and storage duration. Alteration in lightness (L* value) increased
with the increase of drop height (impact energy), temperature
condition, and days of storage (Figure 4). The L* value of all
bruised pears increased significantly, particularly, for 60 cm drop
height bruised pears at 10 and 22°C, where the percentage of
L* increment reached 27.7% (Figure 4B) and 25.9% (Figure 4A)
on the last day of storage, respectively. However, the lowest
percentage of increment on L* was observed for 20 cm drop
height (24.7%) bruised pears stored at 10°C. This was due to the
conversion of pear surface color from green to more yellow color.
Moreover, the lightness L* of bruised pears exposed to different
impact energy levels (drop heights) at both storage conditions
showed a strong relationship with the BS (R? 5 em,10°C: 0.8204,
R? j0emi0oc: 0.7161, R? pem.10°c: 0.9058, R? 29cmazoc: 0.9038,
R? 40em 2ot 0.8899, R? 60 cm22oc: 0.9444) (Figure 5).

The redness (a*) increased in all treated samples. The a* value
was significantly differed (p < 0.05) with storage period and

storage temperature condition, while no statistical significance
(p > 0.05) was observed in the a* value of bruised pear with
respect to drop height. Table 3 shows a rapid increase in a* value
on bruised pear stored at 22°C compared to bruised pears stored
at 10°C after 14 days of storage. The highest change of a* value
was observed on bruised pears impacted with a steel ball from
the medium height (40 cm) stored at 22°C, which increased from
—9.66 on day 0 to reach 3.39 on day 14 followed by bruised pear
impacted from low (20 cm) and high (60 cm) drop height that
reached 3.38 and 3.02, respectively. At 10°C storage condition,
stored pears recorded less change in a*, which altered from —9.66
to reach —0.03, —0.49, and 0.40 on the last day of storage for
20, 40, and 60 cm height bruised pears, respectively. Generally,
a* value was maintained on bruised pears stored at 10°C. The
change of redness is attributed to green color loss on bruised
pears during storage (Bodner and Scampicchio, 2020). Similarly,
Gao et al. (2021) recorded no significant changes on the a*
value of impacted kiwifruit during storage. As observed, higher
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FIGURE 5 | Single linear regression between BS and L* at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions.

TABLE 3 | a" and hue values of pears impacted with three drop heights levels at two storage conditions during 14 days of storage.

Quality Storage Height Storage days
parameter temp. (°C) (cm)
0 2 4 6 8 10 12 14
a* 10 20 —7.27 £119 —-7.19+ 037 —-6.25+096 —-537 +1.35 —-526+ 1.00 —4.81 +£1.08 —0.03 + 1.05
40 —7.63+030 —7.57+040 —7.36+ 132 —-7.27+148 —-6.89+ 1.15 —5.62 +£2.97 -0.49 + 0.63
60 —9.06 £ 0.83 —8.81 £ 093 —7.27 £0.80 -5.09 +221 —-479+ 025 —-2.08 +1.63 —0.40 + 1.92
22 20 —9.66 + 0.88 —5.04 £2.30 —-4.92 £1.07 —-38.783 £ 0.14 —-0.56 £ 0.92 1.09+082 1.83+077 338+1.78
40 —5.67 +£086 —-507 £0.63 —4.28+1.09 —-1.86+198 0.03+268 3.04+102 3.39+1.78
60 —6.69 +£ 0.63 —-544 £0.95 -3.88 +1.31 —-2.00+ 185 0.22 +1.31 1.41+£1.79 3.02 £ 0.46
Hue 10 20 —-135+004 —-136+0.02 —-1.39+0.03 —-1.41+005 —-1.42+0.03 —1.45+0.02 —-1.57 £0.88
40 —-1.33+£0.00 —1.34 £0.01 —1.34 £0.04 —-1.35+0.04 —1.38+0.03 —1.42 £0.08 —0.51 + 0.89
60 —-1.31 £0.02 —-1.31 £0.02 —1.36+0.02 —-1.42+0.06 —1.45+0.01 —-0.82+£0.76 —-0.52 + 1.77
22 20 —-1.3+003 —123+026 —-143+0.03 —-147+000 —-0.33+1.07 137+030 1.35+029 1.48+0.05
40 —1.40 +£0.03 —1.42+0.03 —1.45+0.03 —-0.99+0.86 052+ 174 1.49+0.03 148+ 0.05
60 —-1.38 £ 0.01 —1.42+0.03 —1.46 +£0.04 —1.51+0.06 -0.18+ 1.57 0.66 +1.47 1.50 + 0.01

The data were expressed in mean + standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of 18 readings per three replicates.

BS indicated more redness (a*) value per treatment as shown
in Figure 6.

With storage time and temperature, an increasing trend in the
color attribute of b* was statistically (p < 0.05) observed. The
impact of drop height on the b* value of bruised pear fruit was
also significant (p < 0.05). The b* value was increasing gradually
at both temperature conditions during storage (Figure 7). The
results showed that the highest impact (60 cm 0.647]) bruised
pears provided the largest percentage of b* increment (32.9%)

after 14 days of storage at room temperature (Figure 7B). This
was followed by bruised pears subjected to an impact from 40 cm
(0.4316]) and 20 cm (0.215]) drop heights, where the b* value
increased by 29.1 and 28.32%, respectively (Figure 7B). Storage
at 10°C increased b* value by 28 and 31.46% for low (20 cm)
and high (60 cm) impact bruised pears, respectively (Figure 7A).
Generally, the b* value increased gradually during the whole 14
days due to the conversion of the green surface color of pear to
yellow. As shown in Figure 8, b* value of pear fruit increased with
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FIGURE 6 | Single linear regression between BS and a* at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions.
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FIGURE 7 | b* value of pear impacted at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions. The data were
expressed in mean =+ standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of 18 readings per three replicates.

the increase on BS (R? 20 cm,10°C: 0.9034, R? 40 cm 10°c: 0.9173, R?
60cm.10°C: 0.8795, R? 20cma20c: 0.9087, R? 49cmazec: 0.8822, R?
60cm,220C: 0.9105) (Figure 8).

Total color change (AE*) was calculated to record the changes
in bruised pear color difference (Figures 9A,B). Total color
differences (AE*) that increased significantly (p < 0.05) varied
with drop height, storage temperature condition, and storage
duration. The AE* value was higher (21.23) in pear impacted ata
drop height of 60 cm and stored at 22°C (Figure 9B), while the
lowest value (17.12) was recorded in pear fruit stored at 10°C
and impacted at a drop height of 20 cm (Figure 9A) during the
whole days of the experiment. Bruising is one of the factors
that cause fruit discoloration (Bodner and Scampicchio, 2020).

Pathare and Al-Dairi (2021) also observed the same findings
where the total color change of tomato was highly affected by
storage temperature and duration as well as drop impact. Bodner
and Scampicchio (2020) recorded that the total color change
value for bruised pear fruit was high, suggesting the effect of
bruising in accelerating the ripening process. As reported by
Al-Dairi and Pathare (2021), storage at ambient temperature
can accelerate the color change of fresh produce than storage
at 10°C. In this study, the difference between chroma and all
studied factors (drop impact, storage condition, and storage
duration) was generally significant (p < 0.05; Figures 9C,D). The
highest drop height and storage at 22°C showed a great effect
on chroma of bruised pear fruits (26.9%) followed by medium
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(23.5%) and low drop height impact (Figure 9D). Storge at 10°C
showed less change with 19.4, 19.7, and 23.8% impacted at 20, 40,
and 60 cm drop heights, respectively (Figure 9C). Regarding hue
value (color purity), there was a significant (p < 0.05) influence
of both storage duration and temperature with no pronounced
significance (p > 0.05) with drop height (Table 3). This study
showed that hue value was decreasing slowly at both storage
temperature but then increased rapidly on day 10 at 22°C storage
temperature to reach 1.50 and 1.48 on day 14 after it was —1.3 on
day 0 for high and medium bruised fruit due to change of a* value
from (-) to (4) value during storage. Dobrzanski and Rybezynski
(2002) recorded that color characteristics of bruised apples were
significantly affected by bruise damage.

Firmness

Drop height, storage temperature, and storage duration
statistically (p < 0.05) affect the firmness of bruised pear
fruit (Figure 10). In this study, as drop height increased,
the firmness of pear fruit tended to reduce by 89.2, 91.8,
and 92.7% for low, medium, and high drop impact stored at
22°C, respectively. On the last day of storage, the firmness of
pears stored at 10°C reduced by 80.4, 84.1, and 84.61% for
low, medium, and high impact. The percentage of reduction
can show that a high impact level can reduce the firm state
of pear fruits in the last day of storage. Azadbakht et al.
(2019) found that the firmness of pear was reduced with
the increase of bruise and force level for the long storage
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FIGURE 10 | Firmness (N) of pear impacted at different drop heights (20, 40, and 60 cm) during 14 days at (A) 10°C and (B) 22°C storage conditions. The data were
expressed in mean =+ standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of six readings per three replicates.
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TABLE 4 | Total soluble solids (TSS) value (°Brix) of pears impacted with three drop heights levels at two storage conditions during 14 days of storage.

Quality Storage Height Storage days
parameter temp. (°C) (cm)
(1] 2 4 6 8 10 12 14
TSS 10 20 13.97 £1.70 1350+1.32 14.00+1.65 13.30+£0.52 1250+0.50 11.83+0.76 13.30+ 1.39
40 1217 £0.29 13.17+0.76 14404053 13.30+0.61 11.90+0.90 12.30+1.13 14.27 £0.55
60 1317 £0.29 1420+ 0.61 1337 +0.35 1220+849 13.50+0.87 1397 +1.00 14.80+0.26
22 20 1213 +£0.78 13.03+£0.06 13.10+0.10 1397 £090 14.43+1.24 1527 +0.46 1510+0.90 14.67 £+0.40
40 1330 £0.06 13.33+0.10 13.37+£0.90 14.60+1.24 1540+0.46 1510+0.72 14.33+0.40
60 13.60 £0.52 13.83+0.76 1397 +0.95 14.63+0.55 1467 £1.50 1490+ 0.90 14.63 +0.46

The data were expressed in mean + standard deviation. Error bars represent the standard deviation (S.D.) of the mean values + S.D. of six readings per three replicates.

duration. Similar findings were reported on pomegranate
(Hussein et al., 2020a) and apple (Van Zeebroeck et al., 2007).
Also, Li et al. (2012) confirmed that bruising is another
parameter that led to a decline in the firm state due to the
increment of polygalacturonase activity included on pear.
For storage time and temperature conditions, firmness was
decreasing dramatically during the period of storage at both
storage temperatures particularly at 22°C due to continued
ripening of the pear. As stated by Zhou et al. (2007), firmness
reduction was observed on pears at different storage temperature
conditions and it was highly reduced at ambient temperature
storage conditions, where the softening rate is increased. For
14 days storage at both storage condition, the firmness of
bruised pears impacted at different drop height correlates
strongly with BS (R? 20cm.100c: 0.8422, R? 4ocm100c: 0.9696,
R* goemiocc: 09309, R* ocmpzec: 0.9064, R? yocmo2oc:
0.7885, R? 0cm220c: 0.7317) (Figure 11).

Total Soluble Solids

The statistics showed a significant (p < 0.05) effect of both
temperature and storage duration on the TSS of pear fruit. At
the same time, no interaction (p > 0.05) was found between the
TSS of pear and drop height. TSS value was ranging between
12.13 and 15.40 °Brix on pear stored at 22°C compared to
TSS value of pears stored at 10°C that was ranging between
12.13 and 14.80 °Brix (Table 4). The highest content of TSS was
shown on day 10 of storage on pear impacted from medium
(40 cm) drop height at 22°C. Also, there was a gradual decline
and increase in TSS content of pear stored at 10°C (Table 4).
The study agreed with the findings of Hussein et al. (2020b),
who obtained no significant impact between TSS content and
impact bruising in pomegranate. Montero et al. (2009) found
that the TSS content of tangerines was highly reduced by impact
bruise. Another finding was revealed by Maia et al. (2011) who
reported that the total soluble content of bananas showed an
increase after subjected to bruise damage. This was attributed
to the conservation of starch to total soluble sugars during
the ripening process under respiration resulted in high sugar
content (Al-Dairi et al., 2021¢; Gao et al., 2021), particularly at
room temperature.

Pearson Correlation Coefficient
Table 5 presents the Pearson correlation coefficients between
BS, color space values [L*, a*, b*, total color change (AE*),

chroma, and hue], firmness, and TSS on pear stored at 10 and
22°C and impacted by a steel ball from three drop heights. The
results showed a positive correlation between L* and BS (p <
0.05, p < 0.001) viz as BS in pear fruits increased, the pear
surface became lighter. A positive and strong linear relationship
was observed between L* and a*, b*, total color difference,
and chroma. All of these parameters increased gradually during
storage time. However, a strong and negative correlation was
found between all the previous color parameters and firmness. As
firmness decreased, L*, a*, b*, chroma, and total color difference
increased. There was also a negative and a strong correlation

between firmness and BS (r = —0.91 30cm,100c: p < 0.001,
= —0.98 40cm,10°C: P < 0.001, r = —0.96 60cm,10°C: P < 0.001,
r = —0.95 20cmpec: p < 0.001, r = —0.88 49cmp220c: p <

0.001, r = —0.85 gpcm,220c: p < 0.001). Firmness of bruised
pears impacted at different heights was correlated negatively
with TSS at 22°C (r = —0.92 s9cmazec: p < 0.001, r = —0.84
40cm,22°C: P < 0.001, r = —0.96 60cm,22°C: P < 0.001), while
there was no correlation between firmness and TSS of bruised
pears stored at 10°C. The study showed a positive correlation
between TSS of impacted pear stored at 22°C and BS (r
0.85 20cm,22°Ct P < 0.001, r = 0.78 40cm,22°C: p < 0.05, r
= 0.85 goem220c: p < 0.05), with no pronounce correlation
at 10°C storage condition. The same scenario was observed
between hue and other quality analyses like L*, b*, chroma,
total color change, and firmness at 10°C in contract to storage
at 22°C.

CONCLUSIONS

Pear fruits impacted at the highest drop height and impact
energy (60 cm 0.647]) showed the highest increase in BA, BV,
and BS. Storage temperature condition and storage duration
had a great influence in increasing bruise damage. Rapid
increase (L*, a*, b*, total color change, and chroma) and
reduction (firmness) were observed on pear stored at 22°C
after it was subjected to an impact from 60cm drop height
for 14 days storage period. More color discoloration and
ripening were observed on this treatment. Hue value and
TSS were not affected by the drop height, but with storage
temperature and storage duration. Storage at 10°C can retain
the quality attributes of fresh produce that could be changed due
to bruising.
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TABLE 5 | Pearson correlation coefficients (r) (n = 8) between bruise susceptibility (BS), color space values [L', a, b’, total color change (AE), chroma, and huel,
firmness, and TSS on pear stored at 10 and 22°C and impacted by a steel ball from three drop heights.

Pear quality Drop height Storage BS L* a* b* AE Hue Chroma TSS Firmness
parameter (cm) temp. (°C)
BS 20 10 1 0.884** 0.880* 0.950* 0.939** 0.418 0.940*  —0.029 —0.917**
22 1 0.917* 0.996** 0.950** 0.962** 0.883** 0.932** 0.949*  —0.953**
40 10 1 0.771* 0.710* 0.958" 0.831* 0.279 0.942** 412 —0.985**
22 1 0.894** 0.946** 0.941* 0.941** 0.794* 0.936** 0.780* —0.887**
60 10 1 0.904** 0.911* 0.933* 0.938** 0.560 0.910** 0.641 —0.964**
22 1 0.959** 0.988** 0.961** 0.976** 0.875** 0.964** 0.850**  —0.855"*
L* 20 10 0.884** 1 0.947* 0.951** 0.981** 0.695 0.962*  —0.246 —0.839**
22 0.917* 1 0.909** 0.978* 0.972** 0.828* 0.973* 0.909*  —0.917*
40 10 0.711* 1 0.919* 0.857* 0.968** 0.693 0.844** 0.316 —0.700
22 0.894** 1 0.961** 0.958** 0.982** 0.922** 0.950** 0.865**  —0.830"
60 10 0.904** 1 0.921* 0.897** 0.973** 0.645 0.868** 0.682 —0.852**
22 0.959** 1 0.968** 0.971* 0.990** 0.820* 0.972** 0.893**  —0.832*
a* 20 10 0.880** 0.947** 1 0.928* 0.962** 0.758* 0.922** 0.065 —0.836**
22 0.996** 0.909** 1 0.940* 0.965** 0.878** 0.920** 0.944*  —0.954*
40 10 0.710* 0.919* 1 0.816* 0.956** 0.838** 0.779* 0.511 —0.704
22 0.946** 0.961** 1 0.986** 0.991* 0.893** 0.987** 0.874**  —-0.895™
60 10 0.911* 0.921** 1 0.941* 0.962** 0.740* 0.903** 0.552 —0.836**
22 0.988** 0.968** 1 0.965** 0.987** 0.814* 0.959** 0.906*  —0.903**
b* 20 10 0.950** 0.951** 0.928** 1 0.962** 0.513 0.996*  —-0.152 —0.961**
22 0.950** 0.978** 0.940** 1 0.979** 0.821* 0.994** 0.895**  —0.943**
40 10 0.958** 0.857** 0.816* 1 0.931** 0.434 0.995** 0.415 —0.962**
22 0.941** 0.958** 0.986** 1 0.992** 0.842** 0.990** 0.860**  —0.925"
60 10 0.933** 0.897** 0.941* 1 0.973** 0.662 0.994** 0.705 —0.897**
22 0.961** 0.971* 0.965** 1 0.990** 0.797* 0.996** 0.916™  —0.898**
AE 20 10 0.939** 0.981** 0.962** 0.962** 1 0.663 0.963*  -0.127 —0.864**
22 0.962** 0.972** 0.965** 0.979* 1 0.862** 0.968** 0.924*  —0.943*
40 10 0.831* 0.968** 0.956** 0.931* 1 0.669 0.909** 0.417 —0.822*
22 0.941* 0.982** 0.991* 0.992** 1 0.889** 0.984** 0.878™  —0.887**
60 10 0.938** 0.973** 0.962** 0.973* 1 0.685 0.953** 0.703 —0.888**
22 0.976** 0.990** 0.987** 0.990** 1 0.809* 0.986** 0.921*  —0.894**
Hue 20 10 0.418 0.695 0.758* 0.513 0.663 1 0.533 0.121 —0.334
22 0.883** 0.828* 0.878* 0.821* 0.862** 1 0.844** 0.837**  —0.720*
40 10 0.279 0.693 0.838* 0.434 0.669 1 0.399 0.517 —0.299
22 0.794* 0.922** 0.893** 0.842** 0.889** 1 0.884** 0.719* —0.626
60 10 0.560 0.645 0.740* 0.662 0.685 1 0.661 0.667 —0.384
22 0.875** 0.820* 0.814* 0.797* 0.809* 1 0.841** 0.529 —0.529
Chroma 20 10 0.940** 0.962** 0.922** 0.996** 0.963** 0.533 1 —-0.197 —0.947**
22 0.932** 0.973* 0.920** 0.994** 0.968** 0.844** 1 0.864*  —0.902**
40 10 0.942** 0.844** 0.779* 0.995** 0.909** 0.399 1 0.385 —0.956**
22 0.936** 0.950** 0.987** 0.990* 0.984** 0.884** 1 0.806* —0.881**
60 10 0.910** 0.868** 0.903** 0.994** 0.953** 0.661 1 0.756* —0.877**
22 0.964** 0.972** 0.959** 0.996** 0.986** 0.841** 1 0.881*  —0.860"*
TSS 20 10 —0.029 —0.246 0.065 —-0.152 —-0.127 0.121 —-0.197 1 0.080
22 0.859** 0.909** 0.944* 0.895* 0.924** 0.837** 0.864** 1 —0.922**
40 10 0.412 0.316 0.511 0.415 0.417 0.517 0.385 1 —0.499
22 0.780* 0.865** 0.874* 0.860** 0.878** 0.719* 0.806* 1 —0.842**
60 10 0.641 0.682 0.552 0.705 0.703 0.667 0.756* 1 —0.584
22 0.850** 0.893** 0.906™* 0.916* 0.921** 0.529 0.881** 1 —0.963**
Firmness 20 10 -0.917* -0.839* -0.836™ —-0.961* —-0.864"* —-0.334 —0.947** 0.080 1
22 —0.953*  —0.917*  -0.954"  —-0.943* —-0.943* —-0.720" —-0.902**  —0.922** 1
40 10 —0.985"  —0.700 —0.704 -0.962"  —-0.822* —0.299 —0.956"  —0.499 1
22 -0.887**  —0.830* -0.895**  —-0.925"™  -0.887*  —0.626 —0.881**  —0.842* 1
60 10 —-0.964*  -0.852** -0.836™ —-0.897** —-0.888"* —-0.384 —-0.877*  —0.584 1
22 -0.855"  —0.832" -0.903*  —-0.898*  —0.894*  —-0.529 —0.860"*  —0.963** 1

Significant correlations of two—tailed tests are indicated: *p < 0.05; **p < 0.01.
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