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ABSTRACT

During ripening, the respiration and ethylene production of tomato
(Lycopersicon esculentum Mill.) increase, expediting postharvest quality deterioration.
This study examined the integration of active packaging with modified atmosphere
packaging (MAP) to extend the shelf life of tomatoes at both small and large scales
during cold storage. In the first experiment, the impact of a COz-emitting pad within a
low-density polyethylene (LDPE) bag, in comparison to ethylene (C2H4) scavengers
and nitrogen (Nz) flushing, on the quality deterioration of breaker-turning tomatoes
during cold storage was investigated in small-size packaging (400g/bag). Tomatoes
were packed in LDPE bags for 21 days with 11 treatments: T1= Control (without an
active agent) stored at a room temperature (25°C), T2= LDPE bag (passive MAP), T3=
with CO;-emitter at a concentration of 0.5g (0.278 g NaHCO3 + 0.222 g CsHsO-), T4=
flushing with mixed gas (5% CO2 + 5% Oz + 90% N2) T5= flushing with 99.5% N>
only and T6= with ethylene scavenger, held at a temperature of 6+1°C. The alternative
batch was also stored in small-size packaging (400g/bag) at a storage temperature of
1242 °C as detailed: T7=LDPE bag (passive MAP), T8= with COz-emitter, T9=
flushing with mixed gas (5% CO2+5% 02+90% N2), T10= flushing with 99.5% N gas

only, and T11= with ethylene scavenger.
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The results indicated that in Active MAP, particularly with COs-emiter, ethylene
scavenger and passive MAP, there was a significant increase in CO» levels and a
decrease in Oy levels, along with postponed color changes and a slower decay rate of
tomatoes, notably at 641 °C storage conditions. At the conclusion of storage, the MAP
paired with a CO» emitter at a low temperature of 6=1°C effectively delayed tomato
ripening, as seen by the postponement of color changes and reduced damage compared

to all other treatments, particularly the control group.

Following these findings, a subsequent experiment was performed on modified
atmosphere packaging (MAP) combined with CO> emitter (COz-pad) at different
concentrations to identify the best concentration to be applied with MAP in experiment
2. This involved testing various concentrations of a CO> emitter in packed turning-pink
tomatoes, stored at a temperature of 6+1°C for a duration of 28 days. Treatments
included T1 as the control (tomatoes in LDPE bag without active agent) known as
passive MAP and other treatments utilizing a COz-emitting pad in varying ratios: T2
with a single ratio 0.25g (0.139 g NaHCOs + 0.111 g CsHsO~), T3 with a double ratio
5g (0.278 g NaHCOs3 + 0.222 g CsH:O-), and T4 with a quadruple ratio 1g (0.556 g
NaHCO; + 0.444 g CsHsO»), with samples stored at 6+1 °C. The findings indicated that
CO»-pad (T4) effectively preserved color values and reduced the decay rate of tomatoes
more efficiently up to 20 days than alternative treatments when stored at 6+1°C. There
were no significant differences in firmness, total soluble solids, titratable acidity and
ascorbic acid across all treatments during the storage periods. Adverse effects were
observed in tomatoes stored under Active MAP (T4), exhibiting increased softening
and water-soaked patches after 16 days of cold storage, attributed to chilling injury. The
findings indicated that an Active MAP, specifically the T4 treatment at a low
temperature of 6+1°C, effectively extended the shelf life of tomatoes from 8§ days to 16
days. However, specific issues require consideration, particularly the potential for
chilling injury which might have been caused by low storage temperature. Next study
is essential to investigate the optimal temperature and concentration of CO» to mitigate

these disorders.Furthermore, after identifying the CO> emitter concentration which
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performed better in the second experiment the third experiment was then conducted by
comparing the treatments of Active MAP with CO; emitter and flushing of mixed gas
(5%C0O2+5% 021t90% N») on mature green tomatoes in a larger scale (bulk-size of
1000g/bag) during a storage temperature of 12+2°C for a duration of 30 days. The
quadruple concentration from experiment 2 in T4 which was 1g (0.556 g NaHCO3; +
0.444 g CsHsO7) was then multiplied 3 times making a total of 3g (1.668 g NaHCO3 +
1.332 g CéHsO7). The concentration was increased since this time tomatoes were
packaged in bulk-sizing. Three treatments were assessed: C = control (tomatoes in
LDPE bag without active agent) known as passive MAP, T1 = COz emitter pad at 3g
(1.668 g NaHCO3 + 1.332 g CsHs0>), and T2 = mixed gas (5% CO2 + 5% Oz + 90%
N>). The results demonstrated significant differences in treatments with increased CO»
and reduced O, as evidenced by delayed weight loss, hardness, color changes, lycopene
accumulation, decay rate, and diminished ethylene production and respiration rate of
tomatoes during storage. The findings indicate that utilizing Active MAP with CO;
emitters at a storage temperature of 12+2°C can maintain the quality and prolong the

shelf life of ripe green tomatoes for up to 30 days.

Keywords: Active Modified Atmosphere Packaging, Carbon Dioxide Emitter,

Physiological Disorders, Tomato Qualities
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CHAPTER 1

INTRODUCTION

1.1Background

Tomato (Lycopersicon esculentum Mill.) is a widely produced vegetable around
the world and consumed as fresh or processed products (Fagundes et al., 2015). The
global production of fresh tomatoes was approximately 189.134 million metric tons in
2021 on a land of 5.1 million hectares (Food Agriculture Organization, 2021). Because
of its nutritious and antioxidative properties in the diet, tomatoes have grown in
popularity and demand in recent years as consumer knowledge of healthy eating has
increased (Tilahun et al., 2021). Tomato is beneficial to human health as it contains
compounds such as Vitamin C, flavonoids, and carotenoids. It contains high lycopene
(71.6%), as well as beta-carotene (17.2%), pro-vitamin A carotenoids (14.6%), vitamin
C (12.0%), and vitamin E (6.0%) (Fagundes et al., 2015). Tomato is among the
vegetables which are in high demand, and its products have a significant economic
value across the world. Tomato is significant due to its highly valued sensory qualities,
its ability to be incorporated into a variety of food preparations, whether cooked or raw,
and its nutritional value as a significant source of bioactive compounds with antioxidant
activity, with lycopene being one of the more intriguing ones. Fresh tomato and its
processed products are the major sources of lycopene in the diet (Camara et al., 2013).
Tomato, in its different forms, is widely consumed and can supply various secondary
metabolites which are responsible for free radical scavenging effects. Different types
of cancers have been found to be prevented by consuming fresh tomatoes or tomato
products on a regular and sufficient intake. However, post-harvest quality degradation
of tomatoes has long been a challenge in food processing, as loss of specific

phytochemicals may interfere with



this vegetable’s pharmacological potential. With better living standards and a focus on
health, the demand for high-quality fruits and vegetables has increased dramatically
(Quinet et al., 2019).

The tomato is classified as a climacteric fruit, meaning that its maturation is
accompanied by an increase in respiration and ethylene production. This process
accelerates the degradation of quality, including softening, color changes, and aroma
development (Fagundes et al., 2015). The metabolic processes of the majority of tomato
cultivars are accelerated by a climacteric change in respiration. Some studies have
suggested a positive correlation between ethylene levels in harvested produce and
respiration rate. Any increase in respiration caused by ethylene would result in
increased storage losses and a reduction in postharvest quality (Guo et al., 2014).

Preservation techniques such as Active MAP can be used to control these
transformations and degradations related to increased respiration and ethylene
production rates. MAP is the process of regulating the concentrations of CO2 and O in
food containers by altering the atmosphere through respiration (passive MAP) or the
addition and removal of gases (active MAP) (Fagundes et al., 2015). The technology
entails packaging horticultural produce in permeable films delaying senescence and
deterioration. A modified atmosphere with higher CO> and lower O levels than the
normal air is generated inside the package when the product respiration, package
permeability, and storage temperature interact. An appropriate packing material should
be considered when using passive MAP for postharvest preservation. Different
headspace conditions may be achieved within the container as a result of the interaction
between the rate of product respiration and the diffusion of gas through the polymeric
matrix. It is critical to match commodity qualities to film permeability to create an
acceptable atmosphere inside the package. As a result, the choice of plastic film is a
crucial aspect in optimizing the atmosphere inside the package, allowing for the
extension of product shelf life. The permeability properties of most polymeric films
typically used in MAP have limitations such as high barriers to water vapor,
anaerobiosis production, development of off-flavor and a higher permeability to CO-

than O, (Paulsen et al., 2019).



Reduction of O; and elevation of CO; can reduce the respiration rate, which in
turn delays ripening, reduces ethylene production, delays softening, and slows down
the compositional changes associated with ripening. Consequently, the quality of
tomatoes is maintained, and the shelf life is extended (Fagundes et al., 2015).
Furthermore, anaerobic metabolism can occur when the O, and CO; levels are
excessively low and high, respectively. This can result in off-flavors, physiological and
microbiological decay, browning and softening. MAP can reduce ethylene synthesis
and its effect on horticultural produce. However, MAP has to be combined with low.
By lowering oxygen levels and increasing carbon dioxide levels, MAP helps preserve
fruit quality during air storage. There are several instances, nevertheless, in which the
modified atmosphere's oxygen and carbon dioxide levels are either too high or too low.
Active packaging in these circumstances may raise overall quality by modifying the
physiology of harvested fruits and vegetables in a preferable way (Bodbodak &
Moshfeghifar, 2016).

Active packaging is a novel idea of food packaging that aims to enhance the
quality and safety of fresh products due to changes in current consumption and market
patterns (Garcia-Garcia et al., 2013). This type of packaging can be widely categorized
into two different types: non-migratory active packaging, which primarily comprises of
scavengers intended to eliminate undesired elements inside packaging without the
intention for migration, and active releasing packaging, which consists of emitters that
facilitate the controlled migration of desired compounds into the packaging atmosphere
thereby benefiting the food product (Dainelli et al., 2008). Absorbing (scavenging)
systems remove undesired compounds such as oxygen, carbon dioxide, ethylene,
excessive water, taints, and other specific compounds. Releasing systems actively add
or release substances such as carbon dioxide, antioxidants, and preservatives to the
headspace of the container or the packaged food (Bodbodak & Rafiee, 2016). Delaying
the ripening of climacteric fruits by using active packaging to regulate their
environment has the potential to provide good yield at a relatively low cost. The shelf
life of perishable products can be extended while economic losses associated with
deterioration are reduced through the use of MAP and cold storage. This allows for

extended transport distances while simultaneously decreasing moisture loss during



stowage. The shelf life of fresh vegetables can be extended by reducing the rate of
respiration through the use of MAP. Nevertheless, the establishment of the appropriate
modified atmosphere within the container is contingent upon the respiration rate of the
vegetable, the permeability of the packaging film, and the emission of CO> gas and
vapor. This is the reason why the use of macro-perforated films or a combination of
micro-perforations and suitable permeability qualities in the films used to envelop the
vegetable may be necessary to achieve the appropriate steady-state gas composition for
vegetables. The majority of MAP for fresh produce employs a packing film that
obstructs the diffusion of gases (ethylene, CO2, Oz, and vapor) through its wall. To
achieve the appropriate equilibrium gas composition, the package design process
involves selecting the material, surface area, and thickness of the packaging film.
(Garcia-Garcia et al., 2013). This is accomplished when the rate of carbon dioxide and
oxygen transmission through the package is equivalent to the rate of respiration of the
product (Batu & Thompson, 1998).

Types of plastic films which are commonly used are poly (vinyl chloride),
oriented polypropylene, and low-density polyethylene (LDPE). However, even after
selecting the most appropriate film characteristics, it is very difficult to achieve the
modified atmosphere because of the difficulty of managing all the parameters impacting
the gas composition in the package, which also continues to vary throughout the
commercial life of the packed product. This is a problem with using either active or
passive MAP to increase the storage life of pre-packaged fresh produce. By using active
packaging, fresh fruits and vegetables may meet the modified atmosphere throughout
their commercial life, leading to improved quality, higher safety, and a longer shelf life
(Garcia-Garcia et al., 2013). The type of packaging has a significant impact on the shelf
life of food products. A good packaging system should preserve food from
contamination and conditions that shorten its shelf life. A packaging system must be
inert, inhibit microorganisms, non-toxic, stable, and protect food from factors that
deteriorate food quality during travel and handling. By managing physiological activity
and increasing food shelf life, active packaging systems have the potential to provide
major benefits in reducing quality loss. It has been observed that ethylene production

speeds up ripening and senescence, hence incorporation of ethylene scrubbers within



the packaging material can be an alternative. Different active packaging systems can be
used to reduce spoilage of fresh produce such as ethylene and oxygen scavengers, CO»
emitters, desiccants, and antimicrobial compounds (Bhardwaj et al., 2019). Controlling
ethylene levels in the environment around fresh produce throughout transportation,
storage, and handling after harvesting is critical to enhance their quality and extend
shelf-life. Active packaging with ethylene-scavenging properties can reduce the
negative effects of ethylene.

Active packaging contains additives with a variety of active functions, such as
absorbing/scavenging qualities (e.g., oxygen, carbon dioxide, moisture, ethylene,
flavors); (ethanol, carbon dioxide, antioxidants, preservatives, sulfur dioxide, and
flavors). Scavengers used in film packaging, either in conjunction with a solid
incorporated into the plastic or as a surface on the package, are known to be an excellent
option for packet-related packaging. Maximizing preservation necessitates a
combination of ethylene scavenging and antibacterial improvement, both of which can
extend the shelf life of fresh fruit (Vilela et al., 2018).

Carbon dioxide has releasing/emitting qualities that can help preserve quality
and extend shelf life. Citric acid, sodium bicarbonate, and ferrous carbonate are a few
examples of compounds that emit CO, (Vilela et al., 2018). Sodium bicarbonate
(NaHCO:s3) and an organic acid, are often used as active substances for releasing CO>.
Mostly, citric acid is the preferred acid in these systems (Yildirim et al., 2018). Nitrogen
(N2) gas is also one of the main gases that can be applied with MAP to maintain the
quality of fresh produce (Alden et al., 2019). Nitrogen (N2) gas packing is a prominent
antioxidation technology in the food industries and beverage sectors. This approach
might be used to improve the shelf life of fresh-cut vegetables (Koseki & Itoh, 2002).
N is used to substitute Oz in packaging to retard oxidative rancidity and hinder the
growth of aerobic microorganisms. The amount of oxygen used in MAP is often kept
as low as possible in order to prevent the formation of aerobic spoilage microorganisms
(Sivertsvik et al., 2002).

The challenge with tomato is that it is a climacteric fruit in which its ripening is
associated with increased respiration and ethylene production which accelerates quality

loss such as softening, color changes, and aroma development (Fagundes et al., 2015).



Hence, applying preservation techniques such as Active MAP can be used to control
these quality changes. To our knowledge, there has been limited information on the
application of Active MAP to maintain quality and extend the shelf life of tomatoes

during cold storage especially with MAP and CO> emitters.

1.2 Objectives

1.2.1 To investigate the different types of active MAP to prolong the shelf life
of tomatoes in small and bigger scales during cold storage at 6+1°C ,12+2°C and 25 °C
1.2.2 To investigate different concentrations of CO: emitter in small scale

during cold storage at 6+£1°C

1.3 Scope of Research

1.3.1 COz emitter pads were prepared and tested

1.3.2 Different active agents (CO: emitter, ethylene scavenger), mixed gas
(CO2,02and N») and N gas flushing alone were incorporated in LDPE plastic films and
used on tomatoes during cold storage at 6+1°C,12+2°C and 25 °C of tomatoes in small-
size packaging (400g/bag).

1.3.3 Different concentrations of CO2 emitters were incorporated in LDPE
plastic films and used on tomatoes during cold storage at 6+1°C in small-size packaging
(400g/bag).

1.3.4 Tomato qualities in the bulk-size packaging (1000g/bag) during cold
storage at 12+2°C were determined to investigate the effect of MAP combined with

CO; emitter, CO2, O2 and N> gas flushing on tomatoes.

1.4 Expected Benefits

1.4.1 Research Outcomes

1.4.1.1 Extension of shelf life of tomato or reduction of quality loss during



cold storage by using MAP.
1.4.1.2 The user-friendly technique can be used to maintain the quality of
tomatoes along the supply chain.

1.4.1.3 Contribute in reducing postharvest losses of tomato

1.4.2 Research Outputs
1.4.2.1 Alternative preservation technique for extending tomato shelf life

1.4.2.2 Conference proceedings or publication of the research results



CHAPTER 2

LITERATURE REVIEW

2.1 Tomato

Tomato fruit (Lycopersicon esculentum Mill.) is widely grown and consumed
in different ways such as fresh or processed products around the world (Dominguez et
al., 2016). It is considered a sensitive warm-season crop; however, it is a perennial plant
that is grown annually. Tomato is frost sensitive with optimal growing conditions of
70-85 degrees F during the day and 65-70 degrees F at night. Harvesting is done after
tomato fruits have reached the mature-green stage. If harvested earlier, the fruit will not
mature properly (Kelley et al., 2010). The diverse health benefits of tomato fruit
underscore the necessity and significance of tomatoes in our daily diet. The shift in
eating practices in both developed and developing nations can be attributed to these
health benefits, which have increased the demand for high-quality, fresh, nutrient-rich
fruits. This necessitates the use of suitable storage techniques to preserve the freshness
of fruits and minimize their quantitative and qualitative losses (Vijay et al., 2011).
According to data from the Food and Agriculture Organization Corporate Statistical
Database in 2021, the global production of tomatoes was 189.134 million metric tons.
China had the highest production of tomatoes with 38.714 million metric tons making
20.5% of the world’s production. The top ten countries for global production were
China, the United States of America, India, Turkey, Egypt, Italy, Iran, Spain, Brazil and
Mexico respectively (FAO, 2021).

Tomatoes are used in many basic staple recipes. They may be eaten fresh in
salads or cooked in sauces, soups, meats, or fish. Tomato paste and ketchup are also
commonly used to flavor a variety of foods. Fruits may be stored by drying or
preserving in cans to ensure their availability year-round. Tomatoes include a variety

of nutrients that are useful to consumer health and well-being. Tomatoes are rich in



carbohydrates, proteins, fatty acids, minerals, vitamins, amino acids, and phenolic
compounds (Figure 2.1). The fruits are cholesterol-free, lipids (0.3%) and protein
(1.1%) contents are found in trace levels. Vitamins present in tomatoes include A, C,
K, BI1 (thiamine), B2 (riboflavin), B3 (niacin), BS (pantothenic acid), B6, and B9
(folate). Several investigations have discovered 23 different types of minerals. They
account for 8% of dry matter and include both main elements (magnesium, phosphorus,
calcium, potassium, sodium, sulfur, chlorine) and minor elements (iron, iodine, zinc,
fluorine, cobalt, manganese, and so on). Carbohydrates, primarily fructose (25%) and
glucose (22%), account for more than 50% of the dry matter's sugar content. Organic
acids, which play a key role in fruit acidity, account for 10% of dry matter and are
mostly composed of citric acid (60%) and malic acid (4%). Amino acids also represent
2-2.5% of the tomato’s dry matter, which has a significant impact on its flavors.
Tomatoes are rich in antioxidants mainly from lycopene, f-carotene, ascorbic acid,
phenolic acids, anthocyanins, and flavonoids. These compounds are essential to
consumers' nutrition. Consuming 100 g of tomato gives up to 20 calories, which is
around 1% of daily needs. Tomatoes also have several health benefits, including
lowering the risk of cardiovascular disease, cancer, and diabetes. These good benefits
result from antioxidant and micronutrient functions such as lycopene, minerals, fibers,
and vitamins, which are vital for the body’s functioning and resistance to diseases.
Tomatoes are a good source of vitamins that may be used therapeutically in cases of
deficiency or in relation to other diseases, including cancer. Tomatoes are high in
vitamins C and E, which help the body maintain its acid-base balance, develop
important organs, transmit nerve signals, and control blood pressure. Tomatoes contain
a pigment called lycopene, which can help prevent diabetes, colon, prostate, and breast
cancer. The consumption of dietary lycopene is part of the strategies for managing
patients with diabetes. Studies have shown that lycopene stimulates an increase in
insulin levels, a decrease in glucose levels, and an improvement in lipid profiles in
diabetic mice. It also improves kidney function and antioxidant activities. Therefore,
tomato is a very nutritious food that can prevent many diseases. Consumption of dietary
lycopene is one of the diabetes management techniques. Some studies have indicated

that lycopene can increase insulin levels, lower glucose levels, and improve lipid
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profiles in diabetic mice. It also enhances kidney function and antioxidant activity. As
a result, tomato is a very healthy diet that can prevent various physiological conditions

(Ouattara & Konate, 2024).
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Source Ouattara and Konate (2024)

Figure 2.1 Percentages of the Various Components that Makeup the Tomato’s Dry
Matter

2.2 Socio-economic Importance

In addition to their health benefits, tomatoes are grown for their economic value;
they provide income for farmers, agro-dealers, and traders along the tomato value chain.
The business in production of tomatoes appears to be more profitable from small scale
farmers, processing and marketing. The production of this vegetable yields higher

income for producers and also creates employment during the seasonal period in rural
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areas. Produce from tomatoes with cereals provides farmers with extra income to
improve farmers’ lives, hence significantly contributing to the resilience of populations
by reducing poverty and food insecurity. Tomato production also provides jobs in
relation to transport, processing and commercialization where women are working in
high numbers (90%). Although the tomato value chain requires additional coordination,
the production of this fruit-vegetable currently provides major socioeconomic benefits.
The tomato sector has great potential, provides women and young farmers with
economic opportunities, and can help reduce poverty and ensure food security (Ouattara
& Konate, 2024).

Tomato farming has changed dramatically over the past years, responding to
different environmental and socioeconomic conditions. Tomatoes were traditionally
grown on small farms in small areas, mostly for local markets and domestic use.
However, with the Green Revolution in the 1960s and the development of high-yielding
hybrid cultivars, tomato production has increased significantly. Improved fertilizers,
irrigation systems, and seeds from the Green Revolution were key components in
raising tomato yields and extending tomato farming into new regions. In recent decades,
the world’s largest producer of tomatoes is China, followed by India. India’s diversified
agro climatic conditions have allowed for year-round production, with many cropping
seasons in different regions. Recently, tomatoes are grown in open fields and enclosed
facilities, such as greenhouses and playhouses, to provide year-round availability and
reduce production risks. While small-scale farmers continue to contribute significantly
to overall production, large-scale commercial farming has increasingly gained
significance, driven by increased demand in domestic and export markets (Al et al.,
2023).

Tomatoes are currently produced in over 170 nations across the world. In 2021,
it was the most produced vegetable crop in terms of quantity, with an expected global
production of approximately 189 million tons, above onion (106 million tons),
watermelon (101 million tons), and cabbage (71 million tons). Figure 2.2 shows the top
ten tomato-producing countries in the world (A) and the top five countries in West
Africa (B). Tomato production increased by almost 500% between 1970 and 2021. This

remarkable increase was mostly driven by Asian production, which accounts for 63%
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of global production. America and Europe each account for approximately 13% of
global overall production. European countries, particularly the Netherlands, Belgium,
and Sweden, produce high yields. Africa ranks fourth among continents, accounting for
11% of global production. Its production has increased, from 3 million tons in 1970 to
21 million tons in 2021. In contrast to the potential and population demands of the
continent, tomato production in Aftrica is still low. Tomato production in Oceania is
quite low when compared to other continents, accounting for less than 1% of global

production, most likely due to the area size (Ouattara & Konate, 2024).
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Figure 2.2 Top Ten Tomato-producing Countries in the World (A) and Top Five
Countries in West Africa (B)

2.3 Postharvest Handling of Tomato

One of the most serious concerns facing postharvest of fresh produce is quality
loss during storage. The primary objective of postharvest handling is to maintain the
product at a low temperature in order to prevent moisture loss, slow down unwanted

chemical changes, and prevent physical injury. Delays in chilling horticultural produce
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can result in direct losses (water loss and deterioration) and indirect losses (reduced
flavor and nutritional content). Reducing the chilling delay can prolong the storage life
of a product. Shading has the potential to reduce the ambient temperature after harvest
and mitigate the excessive temperature increase for fresh produce. In contrast, objects
that are directly exposed to sunlight may experience temperatures that are higher (4-6
°C) than the ambient temperature. The quality of tomatoes and their processed products
is considerably impacted by the postharvest handling procedure, which takes place from
harvest to storage, as well as during subsequent marketing activities, such as long-term
storage or transportation. It is essential to maintain the integrity of tomatoes during
storage or transportation. Tomatoes are products that are highly susceptible to injury
from improper handling, impact loading, and vibrations during transportation, storage,
and marketing. As a result, it is imperative to maintain the most favorable
environmental conditions in order to minimize the postharvest losses of tomatoes

(Kabir et al., 2020).

2.4 Quality Changes of Tomato during Transportation

For any fresh produce, transportation is a crucial step in the supply chain after
harvest. However, if it is not well handled, it can result in post-harvest losses that would
result in significant economic losses (Al-Dairi et al., 2021). The main objective in
transport is to ensure that tomatoes will reach the final market in good quality. Poor
roads, non-refrigerated trucks and the atmosphere contribute to postharvest losses
during transit. The roads are rough leading to mechanical injury of tomatoes hence loss
of quality (Idah et al., 2007). Long transportation from one region to the other and lack
of temperature management when transporting tomatoes are problems which can result
in a loss in market value and an increased risk of mechanical damage (Vursavus &
Ozgiiven, 2004). Vibrational, abrasive, impact, compressional, and cutting forces are
the primary causes of transportation-related damage (Aba et al., 2012). Moisture loss,
browning, and wounding in fruits are the result of vibration bruising and abrasion
damage, which ultimately leads to deterioration (Mutari & Debbie, 2011). Overloading

fruit in wooden crates also increases the accumulation of field and respiration heat,
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which leads to huge losses (Arah et al., 2015). One of the causes of mechanical damage
to tomato fruits is rough handling during transportation which includes exposing fruit
to drop heights when transferring them from containers. Suitable packaging is also very
important for containing tomatoes since they provide structural support and are
therefore significant agents for mitigating product damage during transportation. One
of the primary causes of mechanical injury to tomatoes during transportation is the use

of inappropriate packing materials (Idah et al., 2007).

2.5 Postharvest Losses of Tomato

FAO (2018) reported that the biggest problem with tomatoes is postharvest
losses. Immaturity, overripening, mechanical injury, and decomposition are the primary
causes of losses between harvest and consumption. These losses can be attributed to
inadequate harvesting practices, harsh handling, improper packaging, and poor
transportation conditions. Post-harvest losses in tomatoes have a considerable impact
on prices, making products scarcer and more expensive for consumers. Tomato spoilage
and waste are caused by improper post-harvest handling and storage techniques, which
reduces the total amount of tomatoes available for the market. Post-harvest losses of
tomatoes can vary from 20% to 50% of the overall production. These losses occur at
different phases of the supply chain, including harvesting and sorting to transportation
and retailing. Tomatoes can get physically damaged and deteriorate during the post-
harvest period if they are not handled and transported properly. The primary causes of
tomato post-harvest losses are bruising, crushing, and spoilage from moisture during
storage and transportation. Additionally, losses are exacerbated by physiological
modifications that transpire during the postharvest period. Tomatoes are more
susceptible to microbial assaults and rot as they mature, particularly if they are stored
in unfavorable conditions. The prices are substantially affected by these post-harvest
losses. The total amount of tomatoes available in the market declines as a result of
decreased supply brought on by spoilage and waste. Due to this shortage of tomatoes,
demand will increase and prices increase too especially during off-seasons when there

is a supply shortage. Post-harvest losses are critical to maintain tomato pricing and
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ensure food security. Improved post-harvest management practices, such as proper
handling, cooling, and storage techniques, can reduce losses and increase tomato
market availability. Improved supply chain coordination and investments in
contemporary infrastructure for transportation and storage can help to reduce
postharvest losses and maintain consistent tomato prices (Ali et al., 2023). Manasa et
al. (2018) reported climacteric and perishable produce such as cherry tomatoes have a
very short life span of 5-6 days. Losses of fresh fruits and vegetables are caused by
improper postharvest handling, which includes broken cold chains and inappropriate
packaging materials. These factors lead to increased postharvest losses because the
deterioration of produce is associated with increased physiological activities and other
metabolic processes.

According to Ayomide et al. (2019) the primary causes of tomato losses during
storage can be classified as biological, microbiological, chemical, mechanical, physical,

and physiological losses.

2.5.1 Biological

This type of loss results from consumption by rodents, birds and insects. In some
instances, fruit contamination by birds and rodent faeces, feathers and hair are at a high
rate, making it unsuitable for human consumption. Insects reduce quantity and quality
by consuming the fruit and leaving behind frass, faeces, webbings and an unpleasant

odor which can affect the fruit.

2.5.2 Microbiological

Fungi and bacteria are microorganisms that cause damage in storage of tomato
fruits, making them unpleasant due to rot and other defects. Microorganisms easily
attack and spread on fresh vegetables, spreading their tissues hence the available
nutrients and moisture promote microbial development. Aspergillus Niger is a common
fungus that affects tomato fruit, and it appears to induce degradation during an §-day
incubation period by secreting a protein containing polygalacturonase and cellulose
activity. In the event of abrasion or injury, the fruit's epidermis functions as a protective
layer. It can serve as an entry point for microorganisms, which can lead to losses (both

qualitative and quantitative). Green or unripe tomatoes that are mature are more
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resistant to microorganisms than matured tomatoes.

2.5.3 Chemical

The spontaneous reaction of the chemical elements in the fruit is responsible for
this, which leads to a reduction in color, flavor, texture, or nutritional value. A
biochemical reaction, which is characterized by the occurrence of numerous enzyme-
triggered reactions during storage, may lead to the softening of produce, discoloration,
and contamination of flavors. An unblanched frozen fruit or vegetable is a prevalent
illustration. The softening of tomato fruits is significantly influenced by cell wall

degrading enzymes.

2.5.4 Mechanical
Mechanical activity, including cutting, bruising, excessive tugging, or
trimming, results in this loss by altering the fruit's appearance and increasing its

susceptibility to microbial infection

2.5.5 Physical and Physiological

An average of 36.5% of the damage in a 10 kg basket of tomatoes of diverse
species is attributed to physical and physiological losses. The life cycle of a fresh
tomato fruit persists, albeit in a distinct manner, after it is harvested. It is entirely
dependent on its accumulated reserves; no additional water or fruit material is added.
Upon depletion, a natural aging process takes place, leading to deterioration and
disintegration. The fruit becomes unpalatable due to natural decay. Fruit quality is also
diminished as a consequence of inadequate physical conditions. Excessive or

insufficient heat or weather are among these circumstances.

2.6 Ripening of Tomato

The content of sugars, organic acids, lycopene, phenolic compounds, and other
phytochemicals undergoes a substantial transformation as tomatoes mature from green
to red during the maturation process. Additionally, the accumulation of sugars, organic

acids, and other fruit components in tomatoes is contingent upon environmental factors
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during the maturation process from the mature green stage. The intensity of tomato
flavor is directly influenced by the interaction between soluble sugars and organic acids
in tomato fruits, which is a noteworthy quality characteristic. This interaction is
characterized by variations in sweetness and sourness. Antioxidant activity is a critical
component of tomato produce quality. Conditions throughout the ripening process
affect this antioxidant activity, and as tomatoes ripen, different antioxidant components
gradually increase along with a proportional rise in antioxidant activity. Temperature is
one of the most critical environmental factors that affect the maturation of tomatoes.
The number of days required for tomato fruits to mature from green to the breaker stage
during maturation decreases as the temperature approaches the optimal level. The
accumulation of lycopene in tomatoes is significantly influenced by temperature during
the maturation process. Another significant environmental factor that affects the
coloration of tomato fruit during the ripening process is ambient light. The phytochrome
that is present in fruits is essential for the regulation of a variety of aspects of tomato
fruit maturation, including the accumulation of carotenoids like lycopene. Like all
living organisms, horticultural crops rely on photosynthesis to generate their own
energy. As aresult, light is a critical environmental factor in their development, similar
to temperature. Light not only influences plant photosynthesis but also plays a critical
role in signaling metabolic activities. The metabolism of ethylene, a hormone
associated with the growth and senescence of plants, is influenced by light conditions.
Additionally, the quality of tomato fruit has been demonstrated to be influenced by
light, which affects the levels of soluble sugars, lycopene content, antioxidant activity,
and organic acid content during the maturation cycle. These results underscore the
significance of light in the postharvest management of horticultural commodities by

demonstrating the diverse effects of light on the ripening process (Choi & Park, 2023).
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2.7 Factors Affecting Fruit Ripening

2.7.1 Ethylene and Its Biosynthesis

The ripening of fruit is controlled by ethylene. Several biochemical processes
are induced throughout the growth of plant tissue by modulating ethylene production
and signaling. Both positive and negative feedback regulation affect ethylene
biosynthesis. The enzymes 1- aminocyclopropane-1-carboxylic acid (ACC) synthase
(ACS) and ACC oxidase (ACO) have been identified as the rate-limiting step in
ethylene production. The crucial stage in regulating ethylene synthesis is ACS activity,
while ACO activity is constitutive (Mubarok et al., 2023). Ethylene removal is one of
the most important factors in the regulation of the conservation atmosphere in the post-
harvest preservation of fruit and vegetables. Ethylene is a phytohormone that
climacteric fruit naturally produces and that accelerates the ripening process. Although
beneficial at the beginning of fruit development, these ripening mechanisms ultimately
result in product losses and quality deterioration. The removal of ethylene from the
postharvest conservation environment has the potential to maintain quality parameters,
including pH, acidity, ascorbic acid content, and antioxidant activity. Ethylene
elimination is achieved through an oxidation-reduction process that utilizes an
oxidizing agent to either hinder ethylene signaling or production or dissociate it into
CO» and H>O (Alonso-Salinas et al., 2022). Ethylene accelerates respiration, which is
induced by wounding and contributes to wound-induced respiration in postharvest plant
products (Fugate et al., 2010). Respiration is a metabolic mechanism that provides
energy for the biochemical activities of plants. The process involves the oxidative
degradation of organic compounds, resulting in the release of energy and the formation
of simpler molecules such as water and O>. These changes commence during the fruit