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INTRODUCTION

The human body requires some gquantity of minerals and vitamins as well as antioxidants for
its physiological and anatomical growth. These constituents are abundant in tomato fruits,
which make them suitable for nutritional and medicinal purposes, and the reason why the
demand for tomatoes has been increasing for the past few decades (Wakholi et al., 2015;
Mibulo et al., 2020; Marcus, 2013). In line with the aforementioned, governments all over the
world have focused on increasing tomato production by 50-70% from the end of the 19th
century (Elijah, 2021; Sheahan & Barrett, 2017). Tomato growth and yield are favoured by
high altitude, high light intensity and low relative humidity (Tilahun et al., 2017). The
selective performance causes tomatoes to be produced in some locations thereby increasing
the transport distance between the areas of production and the areas of
processing/consumption. Nigeria for example, the major tomato-producing states in Nigeria,
namely, Bauchi, Borno, Benue, Kano, Kaduna, Plateau, Jigawa and Kwara states (Ugonna et
al., 2015); these states are located within the Northern part of the country resulting in
transport distance of between a few hundreds of kilometres between Lagos State (The
nation’s commercial capital) and states in the Central regions of Nigeria (e.g. Benue and
Plateau States) to over 1000 km between the same commercial capital (South-Western
Nigeria) and Borno State (North-Eastern Nigeria). Such a considerable transport distance
between the said locations especially with the ride quality of roads as well as the
environmental temperature makes it more challenging for tomato postharvest qualities.

Almost recently, tomato production has been projected to increase by up to 50% of the
current production figures by the year 2050 (Stratton et al., 2021). More interestingly, the
United Nations has set a goal to reduce post-harvest losses of fruits and vegetables, generally
by up to 50%, which has attracted extensive research on the causes and potential mitigation
measures (Affognon et al., 2015). While both statements seem to ensure global tomato
security, yet, the post-harvest losses remain high (Bani et al., 2006; Sheahan & Barrett, 2017;
Sugino et al., 2022), leaving serious questions as to the effectiveness of the current tomato
postharvest mitigation measures.

To highlight the postharvest loss in tomatoes from general causes, postharvest loss figures
from The Food and Agricultural Organization (FAO) for ten (10) randomly selected countries
were examined for a period of nine (9) years (2010-2018) (FAOSTAT, 2022). It revealed that,
across the examined countries, a total postharvest loss for tomatoes increased from 296.24
thousand metric tons in 2011 to 606.26 thousand metric tons in 2018 (Table 1). Failure to
reduce tomato postharvest losses to acceptable levels despite numerous researches with
documented published findings has further attracted several questions that pertain to the
suitability and applicability of the hitherto suggested mitigation measures. What is the current
trend in researching tomato postharvest losses? What factors are responsible for post-harvest
loss of tomatoes and what measures are effective to reduce losses? To provide answers to the
questions rose above, this study was planned and conducted based on a systematic search.
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Table 1. Tomato postharvest loss from selected countries in Africa.

Postharvest loss estimates per year (Thousand metric tons)

Country 2010 2011 2012 2013 2014 2015 2016 2017 2018 Average by country

Ethiopia 55.64 81.73 5573 3937 307 65.21 284 41.2 43.8 49.09

Ghana 318.52 3205 321 340.2 366.77 368.78 368.8 3689 381 350.05
Kenya 539.15 396.54 444.86 494 443.3 4025 410 507.1 5995 470.77
Malawi 112.61 120.61 40.5 265.1 526.1 523 483.7 450 583.2 344.98
Nigeria 1799.96 1491.3 2060.3 1925.1 40835 4229.3 3412.7 4100 3913.99 3001.8

Rwanda 135 122.17 115 116.1 1186 1203 1188 974 93.1 115.16
Uganda 31 30 35 3495 36.2 38.00 394 4098  39.46 36.11
Tanzania 300 350 390 4233 387.8 4004 4038 359.8 356.09 374.58
Zambia 26 27 28.5 27.1 26.13 258 25.9 25.8 25.87 26.46
Zimbabwe 25 22.5 23.5 23.5 24 24.8 2549  26.04 26.55 24.6
Average 33429 296.24 351.44 368.87 60431 619.61 5315 601.72 606.26

by year

(Source: FAOSTAT, 2022).

METHODOLOGY FOR ARTICLE SEARCH AND INCLUSION

The systematic search was performed on January 14, 2023, with the Google Scholar search
engine using the following search terms \"Transport-related Loss in Tomatoes\”, \"Tomato
Mechanical Injuries based on Road Transport\" AND \” Road transport Vibration effects on
Fresh Tomato Cargo\”.

Literature mapping and inclusion were conducted following the documented PRISMA
guidelines (Moher et al., 2009). Only documents that matched all or part of the search terms
were included and 150 documents were returned based on the initial search. The search was
further refined by the year of publication being narrowed down to 2001 and 2023; as the
range of publication years chosen is sufficient to show the trend of interest among researchers
over more than three decades (34 years); this yielded 105 documents (conference papers,
published articles and reports, as well as theses and dissertations).

To avoid duplication of articles, conference papers were isolated during review; as
presented conference papers can be published and both versions can be found on the same
search engine under the same search term, textbooks were also excluded from the search
results; hence 54 published articles were used in the review.

To simplify the analysis, the review was further conducted and reported in the following
subtopics; i) overview of reviewed articles, (ii) Tomato post-harvest loss estimates iii)
Transport-related causes of tomato post-harvest losses iv) Proposed mitigation measures and
related success.

OVERVIEW OF REVIEWED ARTICLES

Distribution of reviewed articles by research focus

54 articles published between the years 2001 and 2023 were used in this review, and this is
composed of review articles (20.37%) and original research articles (79.63%). Most of the
research focused on examining the effects of the relationships between road transport
vibration levels and post-harvest loss of tomatoes (12.96%), the influence of packaging and
cushioning materials (11.11%) and the estimation of the transport-related post-harvest loss in
tomatoes (9.26%) and the application of modelling techniques in the study of roadside tomato
losses (9.26%) (Fig. 1).
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Fig. 1. Overview of the reviewed articles. PH: Postharvest.

Distribution of reviewed articles by continent

Contrary to most of the research fields conducted globally, which seem to indicate the USA
and Europe spearheading most of the researches, this study revealed that most of the research
on the postharvest loss of tomatoes were conducted in Africa and Asia. Of the 54 published
articles reviewed in this study, most of the studies were conducted in Africa (70.4%) and Asia
(20.4%), with the European continent indicating less research on the subject (Fig. 2).

The distribution of published articles observed for the various continents in this study
followed previously published post-harvest loss estimates, in which Africa and Asia were
known to have the highest post-harvest loss figures in fresh fruit and vegetables, generally
(Arah et al., 2016; Bwade et al., 2019). The concentration of research in developing countries
observed in this study is a good omen if the research results to reduce post-harvest losses are
successfully implemented. The countries with the highest number of published articles on this
topic are Nigeria (18 articles), South Africa (8 articles), Ghana (4 articles) and India (3
articles).
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Fig. 2. Distribution of reviewed articles by continent.
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Distribution of reviewed articles by year of publication

The articles used in this study covered the period between 2001 and March 2023, which were
grouped into three decades (2001-2010, 2011-2020, and 2021-2023) to examine whether
research interest in transport-related post-harvest losses in tomatoes is increasing or
decreasing within the period under review (2001-2023); the stated range was chosen to
provide an overview of the recent research trend on the reviewed subject matter (Fig. 3). The
distribution of published articles per decade was highest in the second decade of the study
(2011-2020) (59.3%). However, the average number of articles published per year showed a
steady increase from 2.59 articles per year in the first decade of the study (2001-2010) to an
average of 7.4 articles per year in 2023. This seems to indicate increased interest among
researchers on the topic of research.

Transport-related postharvest loss estimates

Tomato is associated with considerably high moisture content at harvest (< 75%) (Bwade et
al., 2019; Isack & Lyimo, 2015) and as with fresh horticultural materials, they continue to
undergo a physiological metabolic process (Cherono & Workneh, 2018; Mutari & Debbie,
2011). During the post-harvest metabolic and physiological processes, nutrient reserves and
moisture are depleted from the tissues of tomatoes; as a result, their quality variables (fruit
weight, firmness, colour and chemical components such as vitamins, antioxidants and other
minerals) change significantly (Cui et al., 2018).
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Fig. 3. Distribution of articles by year/decade of publication.
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Regarding post-harvest losses of tomatoes and other food and agricultural materials, it is
notable that countries and sub-regions with the greatest demands for food/agricultural
materials have the highest percentage of post-harvest losses (Kamrath et al., 2016; Mibulo et
al.,, 2020), maybe a cause for concern, but this shows the link between the
technological/economic growth of the countries/sub-regions and the ability to implement
post-harvest loss mitigation techniques. Several studies in the past have examined the post-
harvest losses of tomatoes during transportation, some of the results are as follows: It has
been reported that up to 40% of harvested tomatoes are lost to various spoilage agents in
developing countries (Macheka et al., 2017). Higher tomato loss rates (up to 50%) have also
been reported in sub-Saharan Africa (Mibulo et al., 2020). The post-harvest loss figures for
fruit and vegetables are even much higher, as indicated by Sipho and Tilahun (2020) who
studied the post-harvest loss of fresh fruit and vegetables in Africa by sub-region and reported
the following post-harvest estimates in East Africa in Ethiopia (50%), Rwanda in Central
Africa (30-80%), Ghana in West Africa (30-80%) and Swaziland in Southern Africa (20—
50%).

Even related to the quantitative losses, researchers have relied on different methods for
postharvest loss (PHL) estimation such as modelling, direct observation or residual methods,
while other studies have relied on case studies that are not robustly representative of actual
post-harvest loss statistics. The implication is that a PHL study performed on tomatoes within
the same geographical area and cultivar wills most likely result in significantly different
estimates of post-harvest loss, simply because different estimation methods were used.
Second, the differences in the adopted PHL estimation method affect the validity of
comparisons/conclusions drawn between independent PHL studies. From this, it can be
concluded that there is a need to develop international protocols or guidelines that eliminate
discrepancies between PHL estimation studies, which is very necessary since it will put an
end to the conflicting figures published from PHL studies so far.

Postharvest loss causes and mitigation measures

As mentioned earlier post-harvest losses in tomatoes and other fresh horticultural materials
can be quantitative, qualitative or economic, the severity of post-harvest losses depends on
several factors (ldah et al., 2007b). The factors commonly associated with this are
temperature and relative humidity management systems, packaging material, degree of
ripeness at harvest, presence/absence of pre-chill treatment, road quality and vehicle type
(Aba et al., 2012; lleada & Ayodele, 2023). Other factors are insufficient or lack of efficient
harvesting machinery/equipment and packaging/handling equipment. For example, in Nigeria,
most of the tomato producers are small-scale farmers (60%), with medium and large-scale
farmers accounting for 30 and 10% of tomato growers, respectively. Regardless of the
category of farmers (small, medium or large farm), tomato harvesting and handling is done
manually and in most cases with the help of poor or inefficient tools/packaging materials
(Ugonna et al., 2015). The use of poor/inefficient harvesting equipment as well as packaging
materials has been linked to significant mechanical damage to a variety of fresh fruits and
vegetables such as tomatoes (Zaman, 2023; Waghmare et al., 2022).

The pursuit of a deeper understanding of the trend of causes of PHL in transported
tomatoes, as well as the successes achieved in the implementation of proposed measures, has
led to reviews with corresponding published results. Some of the reviews are as follows; an
overview of packaging options for tomato smallholders in sub-Saharan Africa (Mibulo et al.,
2020), factors responsible for tomato post-harvest losses and likely solutions (Bwade et al.,
2019). Performance of multiple refrigeration systems (vacuum refrigeration, mechanical
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refrigeration, hydro-refrigeration, and evaporative coolers) to identify the most appropriate
systems for smallholder farmers (Sipho & Tilahun, 2020), factors influencing tomato quality
losses (nutritional value and antioxidants), and income of farmers (Tilahun et al., 2017) and
overview of post-harvest losses in tomato production in Africa (causes and possible solutions)
(Arah et al., 2015). Transport-related factors are reviewed below.

Transport vehicle

In developing countries, tomatoes have been transported without refrigeration units on various
modes of transport, including bicycles, motorcycles, donkeys, horses, cars, and trucks,
resulting in significant damage to the produce (Bwade et al. 2019; Caixeta-Filho, 1999). Even
with appropriate truck selection, significant tomato damage can still occur during transport
due to factors such as the degree of ripeness of the crop, suspension system on the truck,
payload capacity, road conditions, and driving speed (Cherono et al., 2018; Elijah, 2021; Lu
et al., 2010b; Garcia-Romeu-Martinez et al., 2007; Jarimopas et al., 2005; Rissi et al., 2008;
Zhou et al., 2015; Kefas et al., 2024). A review of the literature indicates that approximately
12.96% of the studies focused on the effects of transport vibration levels on post-harvest
losses resulting from the road transport environment (Fig. 1).

Trucks that transport cargo respond to bumps on the road by oscillating along three
perpendicular axes, i.e., vertical, longitudinal, and transverse. The impact load transferred to
the truck body and its cargo depends on the intensity of vibration, which can cause damage to
the product. To minimize the transmitted load and prevent cargo damage, a suspension system
is required. Leaf springs, constant rate/coil springs, rubber springs, and air spring systems are
the most commonly used suspension systems on trucks (Jarimopas et al., 2005; Ranathunga et
al., 2010; Sittipod et al., 2009). Studies conducted in different countries, including China,
Japan, South Africa, Spain, and Thailand, have verified the effectiveness of these suspension
systems in absorbing shock/impact on agricultural cargoes, with air spring systems providing
the best results compared to leaf spring suspension systems (Garcia-Romeu-Martinez et al.,
2008; Ishikawa et al., 2009; Pretorius & Steyn, 2016; Zhou et al., 2015).

Although medium to high-speed transport is beneficial in delivering healthy tomatoes to
consumers and processors, poor road conditions or unsuitable suspension systems can
increase vibration/shock intensities during transport, leading to higher losses (Al-Dairi et al.,
2021; Firdous, 2021). Therefore, a balance between ground speed and vibration/shock
intensity is crucial to minimize fruit damage during tomato transport. Previous studies have
also investigated the effects of cargo hold temperatures during tomato transport. Sugino et al.
(2022) studied the effects of transport temperatures (0, 5, 10, and 20 °C) on post-harvest
quality loss of tomato variety Rinka 409 harvested in different ripening stages. Although their
study showed that lower loading temperatures (0-5 °C) resulted in reduced mass loss and
reddening of the tomatoes during transport, they did not examine the effects of mechanical
stress such as shock/vibration. The presence of such stress during transport can increase the
rate of deterioration of the transported horticultural cargo, producing different results.

The findings suggest that the transportation of tomatoes in developing countries without
proper refrigeration units and suspension systems can lead to significant damage to the
produce. Even with appropriate truck selection, factors such as the degree of ripeness of the
crop, payload capacity, road conditions, and driving speed can cause damage to the cargo.
Although suspension systems such as leaf springs, constant rate/coil springs, rubber springs,
and air spring systems have been shown to effectively absorb shock/impact on agricultural
cargo, a balance between ground speed and vibration/shock intensity is crucial to minimize
fruit damage during transport. Additionally, while lower loading temperatures have been
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shown to result in reduced mass loss and reddening of tomatoes during transport, the effects
of mechanical stress such as shock/vibration were not examined in a study by Sugino et al.
(2022), suggesting a need for further research in this area. Overall, the weakness of these
findings is that they are primarily based on studies conducted in specific countries and may
not be generalizable to all developing countries. Additionally, the literature review suggests
that only a small percentage of studies focus on the effects of transport vibration levels on
post-harvest losses, highlighting a need for more research in this area (Bwade et al., 2019;
Cherono & Workneh, 2018; Elijah, 2021; Lu et al., 2010a; Garcia-Romeu-Martinez et al.,
2008; Jarimopas et al., 2005; Rissi et al., 2008; Zhou et al., 2015).

Road condition

Tomatoes can be transported by road, rail, ship or plane, but road transport is the most
common mode, particularly in developing countries (Elijah 2021; Machado et al., 2020). The
condition of roads varies based on road type (paved/unpaved), road design, and maintenance
quality (Bwade et al. 2019; Sipho & Tilahun, 2020). When vehicles are driven on unpaved,
rougher, and poorly maintained roads at higher speeds, the undulating nature of the roads
increases the potential for damage to transported cargo, including tomatoes (Padilla et al.,
2018). Figure 1 shows that around 5.56% of the research articles used in this study focused on
the impact of road conditions on post-harvest losses of transported tomatoes.

The damage caused to tomatoes from transmitted vibrations and shocks during
transportation depends on factors such as the ride quality of the road, measured by the
International Roughness Index (IR1) (Mibulo et al., 2020), and vehicle speed (Pretorius &
Steyn 2012; Zhou et al., 2015). The IRI ranges between 0 and 16 mm/m, with a smooth
surface having good ride quality and an impassable road (Pretorius & Steyn, 2012).
Ranathunga et al. (2010) found that roads with an IRI between 5 and 10 mm/m caused nearly
four times as much damage to fresh agricultural produce cargo as good roads (0.9-2.0 mm/m).
Cherono and Workneh (2018) evaluated the influence of packaging materials and ride quality
on roads with an IRI value of 2.5 m/km (2.5 mm/m) and found that tomatoes transported on
the road with the best ride quality (70% of the road length with IR1 2.5 m/km) had up to 10%
higher marketability than those transported on other roads. Rather than using IRI to interpret
ride quality, some studies suggest using power spectral density (PSD) to specify the energy
content of shocks/vibrations generated when a truck travels on a particular road. This method
takes into account the vibration response characteristics of the truck and the unevenness of the
road profile and even identifies the vibration frequency at which cargo damage is most likely
to occur (resonance frequency) (Singh et al., 2006; Widhiantari et al., 2016).

Some previous studies have recommended considering the resonant frequency of the
transportation environment based on truck-roadway interaction for selecting packaging
materials (Aba et al., 2012; Pretorius & Steyn, 2012). This is important because transporting
packaged agricultural cargo at a natural frequency within the vibration frequency of the
transport vehicle results in a significant amplification of shock/vibration amplitude, which
imparts higher impact loads to the transported cargo, leading to much higher crop damage.

The studies on the impact of transportation on tomatoes have some weaknesses. One
of the weaknesses is that there is a limited number of studies that have focused on the impact
of road conditions on post-harvest losses of transported tomatoes, as only around 5.56% of
research articles used in one study were focused on this aspect (Elijah, 2021; Machado et al.,
2020). Additionally, while some studies suggest using power spectral density (PSD) to
specify the energy content of shocks/vibrations generated when a truck travels on a particular
road, there is no consensus on the best method to evaluate ride quality (Singh et al., 2006;
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Widhiantari et al., 2016). Furthermore, some previous studies have recommended considering
the resonant frequency of the transportation environment based on truck-roadway interaction
for selecting packaging materials, but this has not been widely adopted in practice (Aba et al.,
2012; Pretorius & Steyn, 2012). While some of the recent studies (Bwade et al., 2023) on road
transport vibration and its effects on transported agricultural materials have highlighted the
suitability of using International test protocols (such as ASTM D4196) for the evaluation of
the safety of fresh agricultural materials within the road transport environment, yet such
findings have not been independently validated. Nevertheless, more research is needed to
better understand the impact of transportation on post-harvest losses of tomatoes and to
identify best practices for packaging and transportation to minimize damage.

Packaging materials

Packaging materials are essential in the containment, preservation, and facilitation of handling
and transportation of unitized loads, as well as providing some level of atmospheric
modification for the packed produce (Bwade et al., 2019; Cherono & Workneh, 2018; Venus
et al., 2013). Developed countries make use of plastic crates in handling and transporting
tomatoes due to its benefits, while developing countries such as Nigeria, India, Ghana, and
Egypt package tomatoes in a wide range of materials, such as jute sacs, nylon bags, raffia or
cane-woven baskets, and wooden boxes (Arah et al., 2015; Idah et al., 2007a), with plastic
crates used only among postharvest researchers (Anriquez et al., 2021). Various designs,
shapes, and capacities of traditional baskets are used for packaging tomatoes. For example,
raffia canes can be woven to fabricate a basket with a depth of 45-55 cm, a diameter of 60 cm,
and a carrying capacity of 50 kg of tomatoes (Babarinsa et al., 2018). Other materials used
include conical baskets with dimensions of 55 cm x 34 cm x 34 cm (top diameter x bottom
diameter x depth), rectangular baskets with dimensions of 50 cm x 40 cm x 20 cm (length x
width x depth) (Abubakar & EI-Okene, 2015), carton boxes (8 kg capacity) and plastic bulk
bins (468 kg storage capacity) (Cherono & Workneh, 2018), and wooden and plastic crates
(Dari, 2018).

Previous studies have compared the performance of various tomato packaging materials.
Cherono and Workneh (2018) studied the effects of packing tomatoes in large plastic bins
(dimensions: 2 m x 1 m x 0.4 m; capacity: 468 kg) and small plastic crates (dimensions: 0.5
m x 0.4 m x 0.3 m; capacity: 20 kg). Kamrath et al. (2016) investigated the effects of lining
the interior surfaces of wooden crates with paper or cloth on tomato post-harvest losses. Dari
et al. (2018) examined the contributions of plastic and wooden crates at two levels of tomato
capacity, respectively (30 and 50 kg), as well as the effects of cushioning materials (jute,
paper, and foam) on the quality of tomatoes transported over a distance of 377 km. Babarinsa
et al. (2018) evaluated the differences in the performance of traditional wicker and plastic
crates in protecting the quality of tomatoes transported over a distance of 998 km. Abubakar
and EI-Okene (2015) compared the relative performance of two raffia baskets with conical
and rectangular shapes and tomato capacities of 40 and 25 kg, respectively, over a transport
distance of 877 km. Sibomana et al. (2018) evaluated the effect of packaging materials and
chemical treatments (anolyte water and chlorinated water) on the post-harvest quality of
tomatoes. Finally, Pretorius and Steyn (2019) studied the damage to tomatoes during
transportation at different ripening stages (ripe-green, break, and red-ripe) and over a distance
of up to 1050 km at a speed of up to 80 km/h.

While the studies mentioned provide valuable insights into the effects of packaging
materials and transportation conditions on the post-harvest quality of tomatoes, it is important
to note that most of these studies were conducted in specific regions and under specific
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conditions, and may not be representative of the global tomato supply chain. Additionally,
some studies have evaluated only a limited number of packaging materials, or have focused
on a narrow range of transportation conditions. For example, Babarinsa et al. (2018) only
evaluated the performance of traditional wicker and plastic crates in protecting the quality of
tomatoes transported over a distance of 998 km, which may not be representative of all
transportation conditions. Similarly, the study by Kamrath et al. (2016) only investigated the
effects of lining the interior surfaces of wooden crates with paper or cloth on tomato post-
harvest losses, which may not apply to other packaging materials or transportation conditions.
Furthermore, many of the studies mentioned have focused on the effects of packaging
materials and transportation conditions on the physical quality of tomatoes, such as bruising,
decay, and weight loss, rather than on the nutritional quality or flavour of the fruit. This is an
important limitation, as the nutritional quality and flavour of tomatoes are key factors in
determining consumer satisfaction and demand. Therefore, while the studies mentioned
providing valuable insights into the post-harvest quality of tomatoes, further research is
needed to evaluate the performance of a wider range of packaging materials and
transportation conditions and to assess the effects of these factors on the nutritional quality
and flavour of the fruit.

Temperature

The degree of hotness or coldness of tomatoes and their transport/storage environment has
been found to have a significant influence on postharvest physiological processes and
enzymatic and microbial activities (Cherono et al., 2018; Tilahun et al., 2017; Venus et al.,
2013). Lower temperatures have been found to retard these processes, resulting in the
extended shelf life of tomatoes (Cherono et al., 2018). During transportation, in-cargo
tomatoes receive heat from various sources, including the sun, ground surface, and respiration
(Mutari & Debbie, 2011; Sipho & Tilahun, 2020). Temperature control is particularly
challenging for closed trucks without temperature management systems, especially over long
distances (Idah et al., 2007b).

Various cooling systems, such as traditional ventilated storage, mechanical refrigeration,
and evaporative cooling, are used for tomatoes during transit and storage, each with its pros
and cons (Macheka et al. 2017; Mogaji & Fapetu, 2011; Sipho & Tilahun, 2020). While there
is a significant amount of research on the impact of temperature on tomatoes during transport
and storage, there are still limitations and challenges associated with the available cooling
systems and pre-chilling techniques. For instance, traditional ventilated storage is limited by
its lowest achievable temperature and the risk of scratching or damaging tomatoes, while
mechanical refrigeration is costly and may not be suitable for adoption among subsistence
farmers (Macheka et al., 2017). Additionally, the performance of evaporative coolers may be
limited by prevailing weather conditions, such as high relative humidity, although active
evaporative coolers with incorporated desiccating units may help overcome this limitation
(Sipho & Tilahun, 2020); the associated cost of maintaining the active evaporative coolers is
higher. Furthermore, the effectiveness of pre-chilling techniques, such as ice water cooling
and vacuum cooling, may also be impacted by logistical challenges and delays, resulting in
the loss of transported tomatoes (Cherono et al., 2019). These limitations and challenges
highlight the need for continued research and innovation to develop more efficient and
affordable cooling systems and pre-chilling techniques for tomatoes during transport and
storage.
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CONCLUSION

This study provided an overview of tomato postharvest loss resulting from road transport
vibration with a specific interest in the causes and mitigation measures employed based on
previously published literature. The study yielded the following conclusions: Mechanical
injuries to fresh tomatoes during transportation are greatly influenced by the characteristics of
the vehicle used, the quality of road infrastructure, and the effectiveness of packaging
materials. Additionally, factors such as temperature and gas concentrations experienced by
tomatoes during transport and storage environments affect the severity of postharvest loss.
Various cooling systems, including traditional ventilated storage, mechanical refrigeration,
and evaporative cooling, are employed during transit and storage, each with its advantages
and disadvantages. Future research should focus on investigating the effects of mechanical
stress levels during handling and transportation. By addressing these areas, researchers can
develop appropriate transportation systems and policies to ensure the delivery of high-quality
tomatoes to consumers and processors in developing countries.
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