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ABSTRACT

Guava fruits were examined under different impact test conditions such as drop
height and either number of drops or storage temperature. In the first trial, the
completely randomized design (CRD) was assigned two drop heights (0.3 and 0.6 m)
for once and five times compared with control as no drop for impact testing of ‘Gim
Ju’ guava. The peeled color of bruising guava and fractal dimension (FD) value using
image analysis was analyzed at the bruise region. Results show five drops from a height
of 0.3 and 0.6 m gave greater bruise area (BA), bruise volume (BV), bruise
susceptibility (BS), bruise score and a* value, with lower L*, b*, C and FD values than
those of the other three treatments, as indicated by browning level. The FD value
gradually declined with increasing of storage time and bruise severity. The correlation
coefficient (r) values of FD between BA and BV were more significant than those L*
and a* values. It was the first report to exhibit FD potential for assessment of bruise
impact damage in guava and other fruits.

In the second trial, the experimental design was response surface methodology
(RSM) using central composite design (CCF) with three independent variables. The
aim of this trial was to investigate factor analysis of impact testing in ‘Glom Sali’ guava.
The drop heights (0.2, 0.4 and 0.6 m), number of drops (1, 3 and 5) and storage

temperature (10, 20 and 30 °C) were employed for impact testing of ‘Glom Sali’ guava.

(4)



Twenty simulated impact treatments were conducted for 48 h to assess and analyze
bruise area (BA), bruise volume (BV), browning index (BI), the total color difference
(AE), bruise area by image analysis (BAI) and fractal dimension (FD) for impact bruise
damage on guava. The correlation coefficient (r = -0.6055) between AE and FD value
was higher than that of AE and either BA (r = 0.3132) or BV (r = 0.2095). The FD
variable exhibited the highest R%g; value (81.69%) among the other five variables
which represented the highest precision model with a high determination coefficient
value (R%g) (>0.8) for impact bruising prediction. A lower FD value performed a
higher impact bruising severity level of guava and supported conventional bruise
determination. The optimization of impact testing to minimize its bruising was drop
height of 0.53 m for five drops with a storage at 30 °C under simulated impact test.
Overall conclusion in this thesis research, it was the first study to apply RSM design in
impact bruising of guava and other fruits. RSM was performed in drop heights, the
number of drops and storage temperature factor that had an individual effect on impact
bruising of guava. A lower FD value exhibited a higher impact bruising severity level
of guava and supported conventional bruise determination. The fractal dimension of
peeled guava assessed by image analysis was achieved a highly capable measurement

to determine impact bruising susceptibility in guava fruit.

Keywords: Bruise Susceptibility, Fractal Dimension, Impact Bruise, Mechanical

Injury
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CHAPTER 1

INTRODUCTION

1.1 Background

Guava (Psidium guajava L.) is all-year-round production and belongs to the
family Myrtaceae. There are around 150 species in this genus, it is the most popular
fruit of this genus. Guava is an important commercial fruit in the global market in
Thailand [1]. Recently, Thailand was the six"-ranked of global production, and export
value had significantly increased within 5 years (2013-2017) [2]. The export value of
guava increased from around 5 to 9 million tons of exported guava around 170 million
Baht from 2015 to 2019. The major export markets were Singapore, Myanmar, United
Arab Emirates, Malaysia, and Qatar [3]. To maintain quality, prolong the shelf life, and
decrease losses after harvesting, guava requires suitable post-harvest handling. The
guava can be damage by improper handling, which can produce in bruises and injuries
making it susceptible to microbial spoilage [4]. The bruising effects that occur can be
distinguished from changes that occur in the guava such as, browning and softening of
the fruit peel. The water released from the ruptured cells causes cell destruction at the
time of the bruise, and the intercellular air spaces are decreased [5]. Postharvest losses
of guava at different levels such as farm, trader, and retailer showed an aggregate loss
of 50.17%. The highest loss was at the retailer level (3.99%) and the lowest at the trader
level (0.3%). Therefore, transport and distribution from the retailer level affect the
guava bruise [6].

Fresh fruits are very susceptible to mechanical damages such as impact,
vibration, compression, and puncture damage through harvesting, packaging, and
transportation, and bruising is one of the most important mechanical damages. Bruising
is the most common type of mechanical damage caused by the fruit dropping due to
inappropriate handling and packing, poor design and harvesting, and packaging that



affects fresh horticultural product, and reduces quality to the consumers [7]. Impact
damage to fruit is highly severer than vibration and compression damages to fruit. The
dynamic impact of single fruit happens in fruit-to-fruit impact and between packing,
whereas impact damage occurs when the fruit drops with adequate force onto a surface.
Free drops of fruit from trees to ground during harvesting cause impact damage, as does
dynamic impact between single fruit and between them and packaging and containers
[8].

There are various factors affecting impact bruise damage testing such as drop
heights, number of drops, storage temperature, and impact surface by using free-fall
drop test. Based on fruit size and spherical shape as guava, a range of drop height for
impact testing was 0.04 to 0.75 m in various fruits such as guava [5], apple [9-11],
pomegranate [12-14], peach [15] and pear [16-17]. Increasing the drop height (or
impact energy) elevated the potential for bruise damage in apple [11, 18], pomegranate
[13, 19], kiwifruit [20] and peach [21]. Therefore, a higher drop height gave more
bruise susceptibility than a lower drop height. Fruit quality is also affected by the
number of drops onto an impact surface. There have been less studies in the number of
drops to investigate the quality of fruit impact bruise. The number of drops of one to
three times were used for impact testing in apple, pomegranate, peach and pear [10, 13,
15-16, 18]. The fourth drop of apple resulted in an irreversible change in cell damage
which stabilized the bruise energy [22]. Regarding storage temperature, the optimal
storage temperature for guava was recommended at 10°C [23]. Different storage
temperatures range from 0 to 25 °C were investigated impact bruise damage of the fruit
such as apple [11], pomegranate [13, 19, 24] and pear [16-17]. After fruit impact
damage, higher storage temperature influenced higher increase in bruise area (BA),
bruise volume (BV) and color changes resulting browning symptom on apple [11],
pomegranate [24] and pear fruit [16-17]. However, no report has studied impact bruise
damage of guava fruit with different drop heights and number of drops.

Previous studies on impact bruise damage investigated two independent
variables as drop height and storage temperature, with a fixed number of drops in apple
[11], pomegranate [19] and pear [16-17]. Most studies on simulated impact bruise
damage only focused on experimental designs by fixing one or two variables as

completely randomized design (CRD) or factorial in CRD. Thus, no clear factor



analysis has demonstrated impact fruit bruising under three independent variables.
RSM design was not previously applied for impact bruising in guava and other fruits.
Until recently, no RSM experiments investigating free fall or impact testing had been
conducted for impact bruising susceptibility at various drop heights, number of drops
and temperature conditions to simulate the effects on guava and other soft fruit. Only
two RSM studies on vibration testing used two independent variables to design
vibration conditions of tomato [25] and guava bruising [26]. No previous studies have
applied RSM to examine three independent variables as drop height, number of drops
and storage temperature, with three factor levels for free fall drop testing in guava and
other fruits.

On the other hand, for non-destructive fruit quality evaluation, image analysis
is a beneficial automatic tool. It is rapid, effective, low cost, and more consistent than
a human evaluation that suffers from fatigue and lack of attention [27]. Conventional
method is time-consuming and vulnerable to error measurement for investigation of
impact bruise damage such as BA and BV [28]. As various previous reports, most
researcher used textural features of image as FD to assess fruit internal browning, color
change in the flesh, and fruit defects in pear [29], banana [30], apple [31], and cucumber
[32] to evaluate different fruit quality. It was the first report that FD analysis exhibited
high potential and accuracy for vibration bruising guava under simulated transportation
[26]. The efficiency of FD analysis showed potential when comparing BA with BV
(conventional technique) for impact and vibration bruising assessments. However,
there has been no report in application for impact bruising determination of guava or
other fruits.

According to above reviews provide background, impact bruise damage of
guava fruit factors was focused on drop heights, the number of drops, and storage
temperature which related to occur impact bruise damage in postharvest loss of the
guava. Also, image analysis will be applied in this study for impact bruising
determination of guava due to having a high potential determination of vibration
bruising of guava [26]. However, there was no report of employing image analysis to
assess the impact bruise damage of guava fruit or other fruits. Thus, using image

analysis and RSM for impact bruise damage of guava in this study will provide more



information for developing impact bruising assessment under various impact testing

conditions.

1.2 Objectives

The main objectives of this research were:

1.2.1 To study and investigate the impact bruising susceptibility of guava
sustained from different drop heights and number of drops using fractal image analysis.

1.2.2 To determine the optimal impact test conditions from the combination
variables among drop height, the number of drops, and storage temperature, and to

apply image analysis to evaluate guava impact bruising in applying RSM design.

1.3 Hypotheses

This study was aimed to address the following research questions from the
experiment which can be conducted in the different drop heights and number of drops
by free-fall drop test:

1.3.1 It is expected that higher drop heights for five times dropping will have
more bruise susceptibility than lower drop height level for a single drop.

1.3.2 It is expected that the optimal impact testing condition will be received
from RSM design among the three independent variables of drop height, number of
drops and storage temperature.

1.3.3 It is expected that the fractal dimension through image analysis will have
a potential parameter to determine the impact bruise damage in guava than color

measurement under different impact testing conditions.



1.4 Scope of Studies

1.4.1 To study the impact test from different drop heights (0, 0.3, and 0.6 m)
and the number of drops (single and five drops) on impact bruising and quality of ‘Gim
Ju’ guava to reduce the postharvest loss.

1.4.2 To study the optimal impact test condition from utilizing response surface
methodology (RSM) among drop heights, the number of drops, and storage temperature
affecting impact bruising of ‘Glom Sali’ guava.

1.4.3 To study the efficiency of fractal image analysis to determine impact
bruising of ‘Gim Ju’ and ‘Glom Sali’ guava fruits from various drop heights and either
number of drops or storage temperature as compared with color measurement and

bruise susceptibility assessment.

1.5 Expected Benefits

1.5.1 To obtain the impact bruise susceptibility and quality changes of ‘Gim Ju’
guava under different drop heights and number of drops.

1.5.2 To obtain optimal impact test condition from utilizing RSM design among
drop height, the number of drops, and storage temperature on impact bruising of ‘Glom
Sali’ guava.

1.5.3 To obtain FD potential for impact bruising determination of guava under

various impact testing conditions.

1.6 Research Location

Postharvest Technology Laboratory, Scientific and Technological Instruments

Center, Mae Fah Luang University, Chiang Rai, Thailand.



CHAPTER 2

LITERATURE REVIEWS

2.1 Guava

Guava (Psidium guajava L.) belongs to the Myrtaceae family. There are around
150 species in this genus, it is the most popular fruit of this genus. The initial guava
travels from southern Mexico across or into Central America. Guava is one of the most
widely grown fruit in tropical and subtropical regions of the world. More than 400
guava cultivars and hybrids are available in the world, many of these cultivars and
hybrids are a high yielding variety of good quality and soft seeded but only around ten
varieties are responsible for the majority of commercially cultivated [33].

Guava fruit shape differs from round to pear shape. Skin color for mature ripe
fruit varies from green to yellow color. The pulp color varies from white to yellow to
pink and red color. Texture and taste of different guava cultivars as well as different
seed content. Mature green fruits with a sweet and attractive flavor, when plucked from
a tree, vary in shape and size depending on the varieties. Due to the soft thin-skinned
guava fruit with a short postharvest life, it is subjected to mechanical injury, insect
attack, and fungal rots. The fruit is mostly used in jellies and jams, although it is also

used in other ways [34].

2.1.1 Guava Production and Export

Guava is grown commercially in many tropical and subtropical countries
throughout the world. As shown in Table 2.1, guava production was 6.75 billion tons,
including 5.52 billion tons (81.7% of the global production) from Asia countries from
2015 to 2017. India (57.5% of the global production) was the greatest leading country
of guava production followed by Pakistan, China, Brazil, Thailand, Malaysia, Vietnam,

and the Philippines, respectively [2]. Guava fruit is marked in the fourth of fruit



production in India and about 160 guava cultivars are available. It is growing in almost
all-state. In India, guava is commercially propagated by air-layering during monsoon
[35].

In Thailand, guava is an important commercial fruit in the global market [1].
Recently, Thailand was the six"-ranked of global production (Table 2.1) and export
value had significantly increased within 5 years (2013-2017) [2]. Nakhonpathom and
Ratchaburi provinces are the main guavas production in central Thailand [36]. White
guavas are the most common commercial varieties grown in Thailand. In the mature-
green stage, they are picked and consumed. Guava characteristics for domestic market
in Thailand are bright-green peel color, crispy white flesh, and sweet with slightly sour
flavor.

The export value of guava increased from around 5 to 9 million tons with the
value of exported guava around 170 million Baht from 2015 to 2019 (Table 2.3).
Singapore, Myanmar, United Arab Emirates, Malaysia, and Qatar were the top export
markets. Singapore and Myanmar was the first and second ranking of imported guava
from Thailand with around 2 to 3 million tons per year as shown in Table 2.4 [37]



Table 2.1 Guava Average Production in Different Countries

Year (2015-18)

Production (million tons)

World

Asia

. India

. Pakistan

. China

. Brazil

. Indonesia
. Thailand

. Malaysia

. Vietnam

© 00 N O O B~ W N P

. Philippine

6,752.5
5,519.3
3,885.0
474.2
365.5
353.2
264.8
218.1
49.5
24.2
10.8

Source [2]



Table 2.2 Evolution of Guava Export from Thailand in 10 years (2007-2017)

Year Export value (million tons)
2007 2,183
2008 1,567
2009 2,001
2010 2,426
2011 3,034
2012 2,896
2013 4,069
2014 4,985
2015 5,901
2016 6,360
2017 6,625
Source [2]

Table 2.3 The Exported Guava from Thailand from 2015 to 2019

Year Quantity (million tons) Value (million Baht)
2015 5.901 135.6
2016 6.360 146.7
2017 6.625 149.3
2018 8.117 206.3
2019 8.986 211.4

Source [37]
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Table 2.4 Guava Exported Countries from Thailand from 2015 to 2019 (million tons)

Country 2015 2016 2017 2018 2019
Singapore 2.871 3.075 3.234 4111 3.263
Myanmar 2.690 3.062 3.124 2.258 3.284
United Arab 0.163 0.109 0.101 0.088 0.078
Emirates

Malaysia 0.101 0.064 0.089 1.570 2.240
Qatar 0.011 0.009 0.018 0.028 0.026
India 0.034 0.010 0.009 0.011 0.008
Maldives 0.006 0.007 0.009 0.008 0.011
Oman 0.006 0.010 0.008 0.012 0.027
Bahrain 0.006 0.008 0.014 0.016 0.012
Saudi Arabia 0.003 0.004 0.004 0.009 0.004
Others 0.007 0.002 0.014 0.006 0.032

Source [37]

2.1.2 Guava Characteristics

Since consumers prefer other fruits and can plant guava trees nearly

everywhere, especially in their home gardens, only around 29% of total production is

marketed domestically. The guava production prices are 10-20 Baht/kg, whereas

seedless varieties cost 35-50 Baht/kg. ‘Glom Sali’, ‘Paen Srithong’, ‘Gim Ju’, ‘Sam

See Krob’, ‘Phet Pu Thon’, ‘Lai Ma Lat’ and ‘Den Khun’ varieties are some of the most

well-known commercial varieties of Thai guava [36]. However, the main issue affecting

Thai guava marketing is its high perishability due to moisture loss, browning of the

flesh, softness and fruit decay [1]. Among these commercial cultivars, guavas such as

‘Gim Ju’ and ‘Glom Sali’ have become the most appropriate variety for the market and

are in high demand. ‘Gim Ju’ cultivar has a globular shape, weights 200-500 g, has a

light green skin color, white fresh and aromatic [38].
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2.2 Postharvest Handling and Losses from Guava Fruit Bruise

2.2.1 Postharvest Handling of Guava

To control quality, reduce losses and extend the shelf life after harvesting guava
requires proper postharvest handling. The guava can be damage by improper handling,
which can produce in bruising and wounds, making it susceptible to microbial
deterioration [4].

Maturity indices: Changes in skin color from dark green to light green, as well
as when mixed with achieved are useful indices to assess harvest maturity. Other
maturity indices, including specific gravity, chemical attributes, and fruit detachment
strength, have also been shown to be useful determining harvesting stage. Guava
harvested at specific gravity (less mature) <1.0 were higher than those harvested at
1.00-1.02 (high mature). Guava harvesting time is determined by subjective factors
such as fruit size, skin color and hand firmness, which may vary depending on cultivar,
season, plant age and management procedure for the same location [39]. As a result,
the best indicator of maturity is the visual appearance of fruit, which is based on the
color and size of the skin.

Harvesting: Harvesting should be done in early morning to avoid sun light
exposure that alleviates a higher respiration rate under hot temperature and lead to a
shorter shelf life. Guava is a delicate fruit requiring careful handling during harvesting
and transportation. Hand harvesting is simply done from the plant and putting them into
an appropriate container, while careful to impact damage by dropping the fruit. Guava
and soft fruits for processing may be harvested using tractors with combining fingers
that shake the stems, and pulling off the fruit bunches [40].

Sorting and grading: Bruised, injured, and rotting guavas are isolated from good
fruits. Sorting is performed immediately after the products arrived at the packing house
and the next step will be decided. Treatments in sorting as soon as possible can reduce
damage, crop loss, prevent microbial infection and other foreign materials. Grading is
the process of sorting fruit by grade/class criteria, color, weight, shape and size. Grading

can be done by hand or with the assistance of machinery [41].
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Washing: Washing can reduce the bacteria and the initial temperature of the
product or absorb field heat (precooling) and impurities. Treatment with 100-150 ppm
chlorine can assist to reduce infections and prevent them from activity [4]. Ismail, et al
[42] investigated the application of many treatments on guava to reduce or eliminate
microorganisms. Hot water, hydrogen peroxide, calcium chloride, lemongrass oil
fumigation, and many combinations were used on guava.

Packing: The use of proper packaging and cushioning material free from any
harmful residual effects on human health is always performed since they help in
prolonging the shelf life to a great extent [43]. Guava that had been packaged with
Styrofoam net and placed in a cardboard box had mechanical damage of 39.59%
damage, which has less than carton packing without filler material, which had 84.03%
damage. To protect the fruit from mechanical damage (pressure, impact, and friction),
exported fruits are generally packaged with cardboard boxes (fiberboard) with a filler
substance. Fiber board is normally covered with wax, protects the product from water
or high humidity for a long time [44].

Storage: Guava should be stored at a temperature of 8-10 °C with a relative
humidity of 90% [45]. Guava may be shipped to distant markets in 2-3 weeks if stored
at low temperatures [46]. Depending on the temperature and relative humidity of the
surroundings, the fruit may loss 10-20% of its weight at initial during the course of 6-8
days on the shelf [47].

Transportation: Transportation refers to the process of collecting fresh fruits
from orchards and transporting them to a collection and packing facility, as well as
attempts to convey or market fresh fruits to consumers. On the shelf life of fruit, this
step takes a long time, about 50-75 % of spent in transport and distribution. In other
words, the cold chain must be maintained throughout transportation and distribution
process. Transportation should be handled with caution during loading and unloading

and it is a simple yet efficient method of reducing guava losses [48].

2.2.2 Postharvest Losses of Guava
Most guava fruits are susceptible to different types of damage during harvesting,
handling and transportation, resulted in bruising and a loss of the quality [18]. Guava

is a climacteric fruit, meaning it ripens to the point when it produces the most
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respiration and ethylene. Guava fruit is often damaged due to its rapid respiration rate.
Guava damage can occur as a result of rough handling, which can result in bruising and
cuts, making it susceptible to microbial deterioration. Therefore, good practices in
postharvest handling need to keep the quality of guava [42].

Guava fruit has a postharvest shelf life because it is fragile when ripe and readily
damage during storage and transportation [49-50]. The guava fruit is fragile and
vulnerable to mechanical problems including cuts, punctures, bruising and compression
damage. These injuries is determined by the harvesting method and postharvest
handling treatments [47]. Guava postharvest losses were 5.17% on average across all
handling levels, including farm, trader, and retailer stages. The retailer stage had the
highest postharvest losses (3.99%), while the trader had the lowest postharvest losses
(0.3%). Total damaged fruits, on the other hand, were as high as 14.48% throughout
guava supply chain [6].

Table 2.5 The Percentage of the Postharvest Losses in Marketing System of Guava

Levels Sound fruits Damage density  Total damaged Aggregate loss

Farm 100.0 1.10 3.29 0.88

Trader 96.71 3.01 3.01 0.30

Retailer 93.70 2.73 8.18 3.99

Total 85.52 4.83 14.48 5.17
Source [6]

2.3 Fruit Bruise

Bruising is described as external forces causing damage to plant tissue, resulting
in a physical change in texture as well as chemical color, taste, and texture deviations
[51]. Fruit bruising is one of the most important factors during harvesting, sorting and

transportation of fruits and vegetables [20]. During harvesting, grading, packaging and
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transportation, structural, tissue, and cell damage to fruits is caused by impact,
compression, abrasion, puncturing, testing, or combination of these facts. Mechanical
injury to the skin that causes browning can also penetrate the produce. Mechanically
injury accelerates physiological processes that lead to senescence, breakdown, and the
loss nutritional content. The enzyme polyphenol oxidase (PPO) is responsible for tissue
browning in mechanically damaged fruits. PPO catalyzes the conversion of phenolic
chemicals into 0-quinones, which polymerize to create dark color [52]. The enzyme
PPO, which was found in the guava fruit, catalyzes the browning of most fresh foods
[53]. Skin browning caused a lower visual appearance of the fruit, which should be
practically avoided of these defects to fulfill high-quality criteria. Individual fruit is
commonly wrapped in paper for long-distance shipment to minimized physical damage
[47].

Bruising and other types of mechanical damages (cut, puncture, silt, abrasion)
cause a significant economic loss of fresh fruits due to reduction or rejection of the
visual quality by the consumer [54]. The main mechanical damage causes by impact,
vibration and compression forces. Firstly, the impact force during fruit harvesting,
postharvest handling, packaging, transportation and distribution and it is the main cause
of mechanical injury to fruits. During postharvest operations, the impact might occur
between two fruits or against other surfaces (the hard surface of the storage container
or packaging). Most of the impacts use to occur during the transfer of fruit. When this
fact happens a surface with adequate force to even isolated cells, impact damage
happens. A bruise or crack on the skin is an outward indication. Impact damage is
commonly caused by free fall of fruits from trees to the ground during harvesting, as
well as dynamic impacts between single fruits and packaging or containers [8]. In
pomegranate fruits, impact and vibration loads that may occur during harvesting or
sorting, storage and transportation [12]. Impact bruises can occur at any step in the fruit
handling system, from harvesting to consumption, and they are still the most
mechanical damage [55].

Vibration damage happens when fruit moves inside the packaging as a result of
vibration during the transportation. Fruit can be damage by bumping other fruit or
packaging, resulting in an impact injury, or by rubbing the fruit against another surface,

producing abrasion. Vibration damage was produced by only one of these forms of
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damage [56]. Abrasion is less serious type of postharvest mechanical damage than
impact or compression, although it is well-known as a pre-harvest damage caused by
wind. Pre-harvesting can also be reduced by rubbing the fruit against branches or leaves
[56]. Some injuries such as abrasion on watermelon, and rolling on pear appeared on
only one type of fruit. The effect of static weight or pressure acting on a product is
compression forces. Compression often led in creeping due to the duration and static
loads involved. Creep occurs when the fruit load remains constant, but the tissue
deforms with time. The duration and the severity of the load are both important factors
in determining the compression injuries. Punctures and cuts were found on roughly half

of the fruit, with the prevalence being lower than bruising [57].

2.4 Factors Affecting Impact Bruise and Quality Changes of Fruits

The quality changes of fruits are affected by impact bruise damage due to
internal and external factors that can be postharvest factors such as fruit characteristics
of fruit shape, size (weight), packaging, drop height, number of drops and temperature.
Fruit size and firmness affecting impact bruising was studied in apples and peach [58],
pomegranate [12], tomato [54] and kiwifruit [20]. Postharvest factors such as drop
heights, number of drops, impact surface and packaging influence the incidence and
severity of bruising [54]. The bruising effects can be distinguished from changes that
occurring such as, browning and softening of the fruit peel. Cell destruction occurs at
the time of the bruise and the intercellular air spaces are reduced with the water released
from rupture cells [5]. In this study, there are various factors affecting impact damage
testing such as drop heights, number of drops and storage temperature [24, 59, 13, 19,
11, 16-17].

2.4.1 Radius of Curvature

First of all, the bruise damage from the impact test depended on the fruit shape,
which is an internal factor affecting impact bruising. The most research studies were
investigated in the influence of radius of curvature on the impact bruise in fruits such
as apple [54, 60], pomegranate [24], tomato [61] and peach [21]. A small radius of
curvature caused greater bruise area and volume of damage than a high radius of
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curvature. As a result, a larger radius of curvature resulted in greater bruise damage

whereas a smaller radius resulted in less bruise damage.

2.4.2 Firmness

In terms of the ripening stage or fruit firmness as an internal factor, absorbed
energy increases with more ripeness of tomato fruit which determined by acoustic
stiffness and color indicating a higher bruise susceptibility [54]. Also, a reduction of
fruit firmness increased a higher fruit bruise in apple by higher impact damage fruit
[62-64]. In the case of higher impact in apple, there was a clear difference between the
value of BV for the fruit with higher and lower firmness [64]. However, a firmness
reduction were not related with the reduce in bruise color of persimmon [65]. Less
bruises in pomegranate due to its increased firmness, as well as fruit temperature,
appear to influence bruise susceptibility [62]. Therefore, a higher firmness caused less

bruising, while lower firmness happened more bruising damage in fruits.

2.4.3 Drop Height

Table 2.6 summarizes the impact condition of a free fall drop test from various
heights and number of drops. Overall drop height was examined in a range of 0.01 to
0.75 m in various fruits. It can be concluded a drop height range of 0.01 to 0.75 m in
apple [11, 66, 28], a drop height range of 0.05 to 0.60 m in pomegranate [24, 13-14], a
drop height range of 0.20 to 0.60 m in pear [16-17] and a drop height range of 0.05 to
0.15 min peach [15]. Regarding bruise determination, an increase of BA and BV caused
a higher drop height. For example, several research examining a drop test have been
conducted in apple. The increase of drop height at 0.4 m for the apple increased the BV
due to the increasing of impact energy [18]. In pomegranate bruising, the BA increased
significantly from the lower impact level (0.2 m) to the higher impact level (0.6 m)
[19]. Bruise assessment such as BA, BV and BS were the highest at higher drop impact
(0.6 m) and lower drop impact (0.2 m) on pear fruit [16]. Therefore, an increase of the

drop height provided more bruise susceptibility than a reduction of drop height.

2.4.4 The Number of Drops
Fruit quality was also affected by the number of drops onto an impact surface
also effects such as steel plate, sponge cushion, sandpaper, (fine) mesh, corrugated fiber
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board and silicon rubber sheet [67-69]. Proper selection of the thickness of cushion
materials during the handling process is important for reducing bruise [67]. There was
less reported in the number of drop study to evaluate the quality of fruit impact bruise
damage. Some studies investigating the number of drops from a range of 1 to 3 times
in spherical shape fruit such as apple, pomegranate, peach and pear [18, 13, 16, 15, 70].
In the apple bruise investigation, the fourth drop resulted in an irreversible change in
cell damage which stabilized the bruise energy [22]. Most of the researcher used fixed
number of drops with other drop heights and storage temperature to investigate impact
bruise [24, 13, 11, 16]. However, there was no study to investigate impact bruise

damage in guava fruit with different drop heights and number of drops.

2.4.5 Storage Temperature

The impact condition of a free fall drop test from the different drop heights,
number of drops and storage temperature conditions were exhibited as shown in Table
2.6. One of the most significant influence on fruit bruise evaluation is storage
temperature level [62]. After drop testing, different storage temperatures range from 0
to 25 °C were kept the fruit for impact bruise damage such as apple [11], pomegranate
[24, 13, 19] and pear [16-17]. For two apple storage temperatures (3 and 20 °C) at three
levels of impact energy, it was happened that an increase of temperature resulted in
less BV [60]. In tomato, low temperature reduced metabolic activity and modified the
texture of the tomato, and the interaction of the both processes was occurred on the
bruise susceptibility in the final effect of temperature [71]. However, more bruise
damages were appeared at storage temperature 5 °C than at 25 °C, particularly at high
impact level in pomegranate [24]. Pomegranate fruit stored at temperature 5°C had
higher BV and BS than at 20 °C [19]. The recommended optimum storage temperature
for guava was at 10 °C [23]. Based on above review, higher storage temperature
alleviated impact bruising in most of fruits more than lower temperature, excepted
pomegranate. Interestingly, no research has been examined that effect of storage

temperature on the impact bruising in guava.
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2.5 Free Fall Drop Test

As illustrated in Figure 2.1, a free fall drop test was followed by dropping a ball
impactor of known mass (260.45 g) on the pomegranate fruit from a range of preset
heights through a perforated tube. The bruise region were marked by the present of
visible damage tissue distinguish to other unbruised parts of the same fruits [59]. In
many studies in impact fruit susceptibility, most of the researchers generally allow
using mass a stainless-steel ball or steel rod to drop freely down from the top of the
guiding hollow tube from a range of typical heights [72-73]. For example, the size of
uniform round steel ball (110 g weight) for apple and (200 g weight and 3.5 cm
diameter) for guava were dropped manually for fruit damage to investigate impact
bruise on impact test [51, 5]. Fruit damage equipment utilized pendulum test with a
steel rod (80 cm in length and 230 g in weight) that attaches a pivot to a steel ball with
diameter is 1.6 cm and a weight of about 22 g for bruising apple for another impact
testing [73]. The other impact test used plastic roller which placed in this position for

the impact test for apple fruit [63].
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Source [59]

Figure 2.1 Schematic of Impact Testing with a Free Fall Steel Ball Through a Hollow
Pipe (A), Stainless-Steel Ball Impactor (B) and Bruised Pomegranate Fruit

(©)
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Table 2.6 The Height, Number of Drops and Storage Temperature Affect Impact

Bruising of Guava, Apple, Pomegranate, Peach and Pear

No. Commodities Height No.of Temp Results Ref.
(m) Drops (°C)
Guava
1 Guava 0.20, 1 RT  The bruise depth of a [5]
0.50 height of 0.2 m was
smaller than that of a
height of 0.5 m.
2 ‘Gim Ju’ 0.30, 1,5 20 The highest BS in a [74]
guava 0.60 height of 0.3 and 0.6 m.
Apple
3 ‘Golden 0.15, 1 n/a BV increased linearly [18]
Delicious’ 0.20, with increasing of drop
apples 0.25, height and apple mass.
0.30,
0.40,
0.50
4 ‘Gala’ apple  0.04, 1 n/a BV increased with an [9]
0.05, increase of drop height.
0.08,
0.10,
0.20,
0.30,
0.40,
0.50,

0.60
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No. Commodities Height No.of Temp Results Ref.
(m) Drops (°C)
5 Apple 0.50, 1 n/a  Bruise diameter was [75]
0.80, highly influenced by
1.10, the drop height.
1.40, Fruits dropped from the
height of 1.4 m
absorbed the greatest
impact energies.
6 ‘Gala’ apple  0.01- 1 25  Anincrease of drop [28]
0.15 height accompanied an
increase of surface
pressure and occurred
tissue destruction
process, which resulted
in contact area
increase.
7 ‘Sannfugi’ 0.05, 3 n/a  The BA and BV [10]
apple 0.10, increased by the drop
0.15, height.
0.20,
0.30,
0.40,
0.50
8 ‘Golden 0.30, 2 n/a  Both incidence and [66]
Delicious’ 0.50 impact bruise resulted
apples in drop heights.
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No. Commodities Height No.of Temp Results Ref.
(m) Drops (°C)
9 ‘Pink Lady’ 0.25, 1 0,20 Anincrease of drop [11]
Apple 0.50, height and storage
0.75 period affected impact
bruising.
BA measurement was
more accuracy than BV
measurement.
Pomegranate
10  Pomegranate  0.05, 1 21 BA and BV values [12]
0.10, resulted in increasing
0.15, of drop heights.
0.30,
0.60,
1.00
11  Pomegranate  0.15, 1 5,15, Impact energy and [24]
0.30, 25 impact region played a
0.60 major part in BS
Fruits stored at 5 °C
suffered more bruise
damage than at 25°C
12 Pomegranate  0.25, 2 19-22  An increase of drop [59]
0.40, height increased the
0.60 potential for

bruise damage.
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No. Commodities Height No.of Temp Results Ref.
(m) Drops (°C)
13  Pomegranate  0.20, 1 A higher incidence of [14]
0.40, was observed at drop
0.60 heights of 0.4 m and
0.6 m.
TSS and TA contents
were induced by
bruising at drop heights
of 0.4 mand 0.6 m.
14 Pomegranate  0.20, 2 5,20 The highest browning [13]
0.40, was observed in fruit
0.60 bruised at 0.4 m and
0.6 m after 48 h at 5
and 20 °C.
An increase of
browning intensity was
associated with both
temperature and time
after impact.
15  Pomegranate  0.20, 2 5,20 BA increased from0.2  [19]

0.40,
0.60

m to 0.6 m.

Fruit stored at 5°C had
higher BV and BS than
at 20°C.
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No. Commodities Height No.of Temp Results Ref.
(m) Drops (°C)
Peach
16  Peach 0.05, 1 22 Anincrease of drop [15]
0.10, height from 0.05 to
0.15 0.15 m considerably
increased the BA.
When the drop height
was increased from
0.05 to 0.15 m, the
mean value of BA
increased around 15%
Pear
17  Pear 0.2, 1 10,22  Highest drop heights [16]
0.4, and storage
0.6 temperature showed

increase in bruise and

color measurements

Note n/a means not available
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2.6 Bruise Measurement, Detection, and Analysis of Fruits

The bruise was evaluated in two ways: by visually, by removing and measuring
the damage in cross-section and marked tissue [50]. Due to the first approach as non-
destructive method, the visual rating was done at the start and throughout the process,
whereas the second method was destructive and only done at the storage time [62]. For
impact bruise evaluation, several biochemical, physical analysis and visual detection
method were used to detect the bruising. Several biochemical methods applied for
analysis of enzymes and metabolites and physical methods for analysis of firmness,
weight loss, and color measurements. Optical detection method used for the analysis of
ultrasonics, X-rays, magnetic resonance and image analysis [7]. There were three types
of bruise measurements namely; (1) using manual measurements of bruise detection
such as BA, BV and BS [72], (2) imaging of bruise tissue by image analysis to evaluate
bruised tissue [76], and (3) applying non-destructive technique for bruise measurement
and analysis [77].

2.6.1 Bruise Area (BA) and Volume (BV)

Both the major and minor axes can be used to determine the bruise depth. For a
small impact, the bruise thickness approach provides the most accurate volume
estimation. By measuring the widths and depth of the damaged fruit, it is difficult to
estimate the bruising. The bruise thickness method, which is based on a bruise section
parallel to the stem-calyx axis, is the most accurate way for estimating the bruising
apple across a wide range of impacts [68]. Although BV is an important, BA is a more
significant due to determines the quality of the fruit [12]. The most widely used methods
for determining the extent of bruise damage to a fruit are the BA and BV. The BA and
BV were determined for fruit damage in many fruits such as apples [51, 10] and
pomegranate fruits [12]. The BV increased linearly with higher of drop height and the
mass of fruits. In BV determination, there was a high correlation between the drop
height and the mass of the apple [18], pomegranate [59] and peach [78]. The apple fruit
made contact with impact surface and turned pale after 24 hours [51], whereas the

pomegranate fruits storage for 48 hours caused turning pale color [24]. Fruits were cut
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along the surface of bruising deformation. The following equation was used to
determine the (BA) and (BV) of each fruit [42].

BA = /4 (ab) (1)

BV = nd/24 (3ab+ 4d?) )

Where, a and b are major axes of the bruise elliptical and d is bruise depth in mm as

shown in Figure 2.1.

b
NS
~ NN

Source [21]

Figure 2.2 Elliptical Method for Determining Bruise Area and VVolume

2.6.2 Bruise Susceptibility (BS) and Specific Bruise Susceptibility (SBS)

General bruise susceptibility (mm?J?) is defined as the ratio of bruise volume
to the impact energy, E (J) and specific bruise susceptibility (SBS, mm3J™ kg?) [51,
19, 66] that is already been calculated by the equation:

BS =BV/E 3)

E =mgh 4)

SBS = BS/m (5)
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Where m is the mass of the impacting object (kg), g is the acceleration due to the gravity
(ms), and h is the drop height (m).

2.6.3 Bruising Scoring

In the previous studies, there has no study in evaluating the bruise score of guava
fruit from impact bruise damage. Most of the studies in the evaluation of bruise scoring
were reported in apple fruits. The apple fruit was measured for changes in bruising
using a visual score by a direct measure of the bruised area in cross-section and varied
in the range of score. Firstly, the visual evaluation of the apple was based on a four-
point scale, with 1, no obvious bruising; 2, light brown bruise with no defined edge; 3,
moderately dark brown bruise with a well-defined edge; 4, dark brown bruise [62]. The
other bruise scores in ‘MclIntosh’ apple used to classified bruising in the range of O-
absent, 1- slight, 2- moderate, and 3- severe [50]. Moreover, the visible damage to the
bruised site was recorded for the ‘McIntosh’ apples: 0 = absent, and 3 = severe [79].
On the hedonic scale: 1 = unusable, 3 = poor, 5 = good, 7 = very good, 9 = excellent, it
was reported to measure the appearance of impact damage in pomegranate fruit
including rotting, bruising and scald [80].

2.6.4 Pulp Color at Bruise Area

After impact test, the color changes progressed to browning and were found to
be related to fruit bruise damage [81]. The mathematical equation from the CIE Lab
coordinates value in pomegranate fruit was used to determine the differences in color
on the fruit peel [13]. Banks [82] reported the discoloration of bruised ‘Granny Smith’
apple tissue happened within a few hours of the impact being applied to the fruit surface.
After bruising the fruit, the tissue becomes darker (L* value is decreased), browner
(Hue value is decreased), and increased in color (C value is an increase). According to
[13], the value of the pomegranate fruit is determined by utilizing the mathematical
formulation of the CIE Lab coordinates to determine th