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ABSTRACT

Tomatoes (Solanum lycopersicum) are highly perishable crops that experience postharvest
losses due to microbial spoilage, moisture loss and rapid physiological deterioration during
storage. The increasing concerns associated with synthetic chemical preservatives have
created a need for safer and environmentally friendly natural alternatives. This study
therefore evaluated the effectiveness of Phyt Exponent® as a natural spray preservative for
extending the shelf-life of tomatoes under normal storage conditions. A Completely
Randomized Design (CRD) consisting of four treatments was used to conduct the experiment
with the treatments named TO (control-0%), T1 (1%), T2 (3%) and T3 (5%) Phyt Exponent®
concentrations. These treatments were replicated five times. The tomatoes were assessed over
a 14-day storage period for physical attributes including weight loss, firmness and colour
change. The chemical attributes of tomatoes were also assessed and these were pH and total
soluble solids (TSS). In addition, antimicrobial activity was determined through the
measurement of zone of microbial inhibition against two spoilage microorganisms (fungi and
bacteria). The results showed that Phyt Exponent® significantly reduced weight loss and
maintained fruit’s firmness compared to untreated control (p < 0.05). The best preservation
effect was produced with the 5% concentration throughout the storage period. Significant
differences in pH and TSS were also observed from day 7 onwards for the physical attributes.
The tomato fruits which were treated have maintained lower pH and slowed increase in TSS
respectively as compared to the control. However, in colour change there were no significant
differences that were observed among all the treatments. Moreover, the spray preservative
demonstrated a concentration-dependent antimicrobial activity against spoilage
microorganisms (Erwinia carotovora and Botrytis cinerea) producing measurable zones of
inhibition ranging from 8 mm at 1% to 17 mm at 5% with no inhibition observed in the
untreated control (F = 261.90; p < 0.001). This study contributes to the field of postharvest
technology and food preservation by providing evidence on the effectiveness of Phyt
Exponent® as a natural spray preservative for tomatoes (S. lycopersicum) especially to
smallholder farmers. Based on these findings, the study recommends the application of Phyt
Exponent® at the 5% concentration for the effective postharvest preservation of tomatoes,

particularly among smallholder farmers lacking cold-chain infrastructure.

Key words: Phyt Exponent®, tomato, natural preservative, shelf-life, postharvest, microbial

spoilage, zone of inhibition, antimicrobial activity.
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CHAPTER 1

INTRODUCTION

1.1 Background of the study

Globally, tomatoes are considered as one of the most vital horticultural crops to be grown.
The crop is valued for its nutritional content that contributes mainly to human health (Abebe
et al., 2017). The tomato fruits are highly perishable despite their significant dietary and
economic values and they mainly affected with postharvest losses. Their postharvest losses
are estimated at approximately 25.80% globally annually. The losses are mainly caused by
factors like increased respiration, transpiration and microbial spoilage during storage and
transportation (Akotowanou & Sénan, 2023). These substantial losses are prevalent in
developing countries where there is inadequate infrastructure which necessitates effective
postharvest preservation strategies which are efficient and consumer-safe (Meena et al.,
2020).

There are conventional methods of preserving the postharvest produce which are used and
they include the use of synthetic fungicides and chemical treatments. These methods despite
their efficacy in restricting spoilage, raise several concerns regarding potential health
implications and environmental persistence (Lisboa et al., 2024). Due to these concerns, there

is a growing imperative to investigate natural alternatives. These natural alternatives are

mainly plant derived. (Nizamani, Khaskheli, Khaskheli et al., 2021; Fagundes et al., 2014).

In particular, fungal pathogens contribute significant to the postharvest losses as they cause
fruit decay leading to considerable monetary losses and rendering fruits incompetent for
market (Slathia et al., 2021). For example, fruit rot is caused by pathogens like Fusarium
oxysporum (commonly known as Fusarium rot), which significantly diminishes the market
value of tomato produce and also shortens their shelf-life (Torres-Rodriguez et al., 2024).
This therefore, underscores the need for sustainable and biologically caring interventions that
can extend the shelf-life of postharvest produce thereby ensuring food security and reducing

economic detriment.

In view of these challenges, the present study was aimed to evaluate Phyt Exponent® as a
natural spray preservative for its efficacy in extending the shelf-life of tomatoes by mitigating
microbial spoilage and preserving fruit quality. The composition and plant-derived source of
Phyt Exponent® are detailed in Section 2.5.



1.2 Problem statement

Post-harvest loses of tomatoes remain alarmingly high in several regions lacking cold-chain
infrastructures, with microbial spoilage constituting the major causal factor. In the real-world
synthetic fungicides and bactericides are being used to cater for these postharvest loses. They
are highly effective but are increasingly restricted by regulatory authorities and are met with

growing consumer resistance owing to residue safety concerns.

Although a considerable body of available literature supports the antimicrobial potential of
individual herbal constituents found in Phyt Exponent®, no published studies have evaluated
the commercial Phyt Exponent® formulation as a spray-applied postharvest preservative for
tomatoes. Its efficacy has also not been validated through standardized microbiological

assays like the zone of inhibition assay.

This available gap represents both a scientific and a practical deficiency. With the absence of
validated antimicrobial data, any claims of preservative efficacy of Phyt Exponent® remain
untrustworthy. The absence of validated data keeps its adoption by farmers, vendors or
regulatory bodies unjustified scientifically. This present study will therefore be designed to
provide experimental evidence necessary for the evaluation of Phyt Exponent® legitimacy as

a natural postharvest spray preservative.

1.3 Justification

Postharvest tomato losses in developing countries are high and they represent a severe and
persistent threat to food security and smallholder livelihoods. Existing preservation solutions
are either prohibitively expensive, increasingly restricted due to residue safety concerns or
impractical in low resource settings. This creates an urgent need for inexpensive, reachable

and scientifically validated natural alternative.

Phyt Exponent® represents a convincing candidate as its ingredients independently
characterized phytochemical arsenal which may deliver synergistic protection against
spoilages in tomatoes. Despite this strong phytochemical basis, Phyt Exponent® has never
been subjected to rigorous postharvest evaluation and no published data exists on its effects
on physical and chemical attributes of tomatoes. There exists no published data also on its
effect on zone of microbial inhibition against spoilage microorganisms associated with

tomatoes (Erwinia carotovora and Botrytis cinerea).

This study therefore fills a particular gap as it will be the first microbiologically validated

assessment of Phyt Exponent® as a postharvest applied spray preservative. The study will
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integrate mechanistic antimicrobial data with applied shelf-life results under ambient storage
conditions relevant to smallholder contexts. The interventions of this study only require a
commercially available product and a spray bottle. This enables immediate feasible adoption
without infrastructure investments. The research therefore straddles herbal medicine and food
preservation science, with direct implications for reducing postharvest losses, supporting
farmer incomes and reducing dependence on synthetic agrochemicals.

1.4 Objectives
1.4.1 Main objective
To evaluate the effectiveness of Phyt Exponent® spray in extending the shelf-life of tomatoes

and inhibiting spoilage microorganisms.

1.4.2 Specific objectives
1. To assess the effect of Phyt Exponent® spray concentration on physical attributes
(weight loss, colour change and firmness) of tomatoes over a 14-day storage period.

2. To assess the effect of different concentrations of Phyt Exponent® on the chemical

quality attributes (pH and total soluble solids) of tomatoes during storage.

3. To evaluate the zone of microbial inhibition of Phyt Exponent® at varying
concentrations against spoilage microorganisms associated with tomatoes (B. cinerea

and E. carotovora).

1.5 Hypotheses
e There is no significant effect of different concentrations of Phyt Exponent® spray on
the physical quality attributes (weight loss, colour change, and firmness) of tomatoes

over a 14-day storage period.

e There is no significant effect of different concentrations of Phyt Exponent® on

chemical quality attributes (pH and total soluble solids) of tomatoes during storage.

e Different concentrations of Phyt Exponent® produce no significant zone of microbial
inhibition against common postharvest spoilage microorganisms associated with

tomatoes (B. cinerea and E. carotovora).



CHAPTER 2

LITERATURE REVIEW

2.1 Botanical classification and characteristics of tomatoes (Solanum lycopersicum)
Tomato is a common cultivated crop scientifically known as S. lycopersicum. It is a member
of the Solanaceae family commonly referred to as the nightshade family (Akotowanou &
Senan, 2023). The Solanaceae family is one of the largest groups of flowering plants that
encompasses approximately 2 700 species across 94 genera. Many of them are economically
significant which includes potatoes, papers and eggplants. The crop is within the genus
Solanum and is considered as one of the major genera that are found in the kingdom Plantae.
The genus is further categorized into several subgenera, S. lycopersicum belongs to the
subgenus Lycopersicon which is exclusively comprised of tomato and its wild relatives
(Kimura & Sinha, 2008).

The fruit plant originates from western South America. It was domesticated in Central
America where it evolved into one of the most important vegetable crops worldwide (Kimura
& Sinha, 2008). It is cultivated in an area of approximately 5 million hectares and yields an
annual produce exceeding 171 million tons. Countries like China and India contribute
significantly to its annual production (Delarue et al., 2024). Tomatoes worldwide cultivation
and consumption rank it second only to potatoes in global horticultural output by weight
(Ullah et al., 2022). The crops are grown all over the world across diverse climatic conditions
which range from open fields to controlled environments. Sophisticated techniques like
artificial lightning and fertigation can be used in controlled environments to enhance yields

and quality of the tomato fruit (Cyrille et al., 2022).

It is botanically classified as a berry and is characterized by sympodial growth habit, a
complex inflorescence structure and diverse for morphologies that have been extensively
shaped by domestication and selective breeding. Tomato is an herbaceous plant that typically
ranges to heights of 1-3 meters. It is characterized by weak woody stem and botanically
classified as fruits despite its common culinary categorized as vegetable (Nizamani,
Khaskheli, Khaskheli, et al., 2021). It is also characterized by determinant and indeterminate
growth patterns and these influences stem elongation, the arrangement of leaves and
development of reproductive organs which ultimately define fruit set and yield (Kurmi et al.,
2022). Its morphological structure included the fibrous root system, a primary stem that can

be either erect or decumbent. The leaves are arranged in a spiral character that is typically
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pinnately compound (Liu et al., 2022). The reproductive morphology is conversely
characterized by cymes which often exhibit dichasial branching which bears perfect flowers
leading to fruit formation (Cyrille et al., 2022)

2.1.1 Nutritional and economic importance of tomatoes (S. lycopersicum)

Globally Tomato is a significant crop that ranks seventh in worldwide production with
harvested yields of approximately 160 million tons produced annually from an area of about
4.8 million hectares (Hnatuszko-Konka, 2015). According to Ahmed et al., (2017), tomatoes
have a global production value exceeding $50 billion and this positions them as the fourth
important commercial crop grown worldwide. As a second-most important vegetable globally
after potatoes, tomatoes contribute significantly to food security. It is used in forming
ingredient in numerous processed foods like soups, juices, purees and sauces (Antoniou,
2022). In 2020, 186 million tons of tomatoes were produced across 144 countries and these
further underscores the widespread cultivation and dietary integration (Delarue et al., 2024;
Khatib et al., 2023).

In additions to their economic importance, tomatoes are an important nutritional powerhouse.
The crop provides important vitamins such as retinol, ascorbic acid and vitamin K along with
carotenoids such as alpha- and beta-carotenoids and lycopene as well as phenolic compounds
(Cyrille et al., 2022). The above-mentioned phytochemicals present in a tomato significantly
contributes significantly to human health offering antioxidant properties and mitigating risks
of chronic diseases like cancer and cardiovascular disorders (Karki & Dawadi, 2022; Fedeli
et al., 2023). Tomatoes are a major source of dietary minerals like iron and calcium as well as
wide array of health promoting metabolites. These health-promoting metabolites include

flavonoid pigments that contribute to their diverse coloration (Seymour & Rose, 2022).

Primarily tomatoes are made up of 93-95% of water with dry matter making up the rest of the
contents which includes soluble sugars. These soluble sugars include glucose and fructose
(approximately 55% of dry matter), organic acids such as citric and malic acids (12%),
minerals (7%) and insoluble components like cellulose and pectin (21%) (Eloff et al., 2022).
All these constituents contribute to the fruit’s nutritional profile, flavor and postharvest
stability where carbohydrates dominate at around 70-75 g¢/100g dry weight, alongside
proteins (10-25 g/100g), lipids (3-5g /100g) and vitamins including ascorbic acids and f3 -
carotene (Dawad & Karki, 2022; Isack & Monica, 2013). The chemical makeup in tomatoes

evolves during the ripening process with an increase in sugars and acids peaking at the



breaker stage of ripening before declining which therefore affects texture, color and microbial
resistance (Isack & Monica, 2013).

2.1.2 Major postharvest losses of tomatoes (S. lycopersicum)

Postharvest losses in tomatoes are one of the major global challenges which results in
economic disadvantages to producers and reduces food availability for consumers (Ahmed et
al., 2017). The global postharvest losses are as high as 40%. These are both quantitative
reductions in marketable yield and qualitative degradation affecting consumer acceptability
and nutritional value (Tilahun et al., 2017). These losses are typical in developing countries
where the lack of storage facilities and the inefficiency transportation exacerbate spoilage of
the produce (Meena et al., 2020). Physiological processes like ripening and senescence are
the major factors contributing to postharvest deterioration in tomatoes. Also, postharvest
losses were due to mechanical damage sustained during harvesting and biotic factors

predominantly microbial spoilage by fungi, virus and bacteria (Slathia et al., 2021).

Losses recorded specifically attributable to fungal infections are substantial, ranging from
17% to 26% of the wider 40% global postharvest loss figure cited above, and are linked in
particular to Fusarium spp. Furthermore, these not only shorten the postharvest life but also
drastically reduce market value of the tomato produce (Torres-Rodriguez et al., 2024).
According to Flores et al., (2024), physiological processes like respiration and transpiration
also significantly contributes to postharvest losses. These processes lead to senescence,
chlorophyll degradation and ultimately undesirable fruit deterioration and weight loss. The
climacteric nature of tomatoes characterized by rapid increase in the respiration processes and
the production of ethylene during ripening further accelerates their perishability (Salas-
Méndez et al., 2019). The natural vulnerability to quick senescence and the chance of
pathogen invasion leads to postharvest losses estimated to 25.8% in fresh tomato fruit
(Akotowanou & Senan, 2023).

Moreover, environmental parameters like inappropriate storage temperatures, particularly
chilling injury below 12°C can cause substantial irreversible physiological damage to the
tomatoes. This is manifested as surface lesions, discoloration together with accelerated
softening which further compromises postharvest quality and shelf-life of tomatoes
(Albornoz et al., 2019). In fact, bad postharvest practices account for approximately 50% of
tomato production loss with developing countries losing 20% to 50% due to weak

infrastructure and inadequate marketing facilities (El-Beltagi et al., 2023; Tiwari et al.,
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2020). Poor harvesting techniques such as inadequate pre-cooling further compound these
losses and unsanitary storage conditions compound these losses and they cumulatively reduce
marketable yields and compromise fruit quality (Karki & Dawadi, 2022).

2.2 Microbial spoilage of tomatoes (S. lycopersicum)

Microorganisms, particularly fungi and bacteria represent a primary cause of postharvest
deterioration in tomatoes, leading to significant economic losses globally (Ahmed et al.,
2017). The spoilage can be seen as rots, textural change and undesirable odours from the
spoiled tomato fruits. The spoilages significantly diminish fruit quantity, quality and
marketability (Slathia et al., 2021). Tomatoes exhibit an amplified susceptibility to
microorganisms throughout their ripening stage. This is where there are elevated respiration
and metabolic activities which offers ideal substrate for pathogen growth. Micro-
environments which are conducive for microbial colonization and spread can be brought
about by the accelerated senescence of the fruit due to the above-mentioned processes.
(Akotowanou & Sénan, 2023; Nendissa et al., 2020).

2.2.1 Common post-harvest microbial pathogens affecting tomatoes (S. lycopersicum)

Tomato is a fruit that is highly susceptible to a wide range of fungal and bacterial pathogens
which inflict significant postharvest losses due to decay (Ahmed et al., 2017; Slathia et al.,
2021). Fungal pathogens like the Fusarium spp. are particularly problematic as they cause
rots that shortens the shelf-life of the fruit and reduces its market value (Nizamani, Khaskheli,
Jiskani, et al., 2021; Torres-Rodriguez et al., 2024). According to Salas-Méndez et al. (2019),
high moisture content and nutrient rich composition of tomatoes further create an
environment for rapid microbial proliferation which often leads to rapid decay. In tomatoes,
the key fungal species that frequently infect the harvested fruits includes Alternaria alternata,

Alternaria solani, Geotrichum candidum and B. cinerea (Pobiega, 2020).

There are also bacterial pathogens that are of importance in harvested tomatoes and they
include E. carotovora which significantly contribute to postharvest losses (Pobiega, 2020;
Taha et al., 2023). A. alternata and B. cinerea are the main prevalent fungus in tomatoes and
they cause black spots and gray molds respectively. These two are recognized as saprophytic
pathogens found in cherry tomatoes (Fagundes et al., 2014). Other prevalent fungal genera
that are also significant in tomatoes are Penicillium, Aspergillus, Colletotrichum,

Phytophthora, Pythium and Rhizopus. These frequently infect tomatoes’ postharvest but



among these Rhizopus stolonifera, B. cinerea and A. alternata are recognized as the primary
causal agents of postharvest black rot in tomatoes (Koka et al., 2017).

Bacterial pathogens like E. carotovora, Clavibacter spp., Xantomonas campestris and
Pseudomonas aeruginosa have been isolated from infected tomatoes with the X. campestris
frequently exhibiting the highest occurrence. Moreover, species like Culvularia spp. have
been recognized as the causative agents for tomato decay (Abdel-Ghany & Bakri, 2019).
Microorganisms in tomatoes are also notable of producing mycotoxins which includes
alternariol, tenuazonic acid and alternariol monomethyl ether. These mycotoxins pose
significant food safety concerns and health risks to consumers (Asim et al., 2023; Bellotti et
al., 2020). The pervasive microbial contaminations are a major factor in the considerable
postharvest losses of tomatoes and these losses can reach up to 16% of global production

annually (Tripathi & Tiwari, n.d.).

2.2.2 Mechanism of microbial spoilage in tomatoes

The microbial spoilage begins with enzymatic degradation of pectin and cellulose in cell
walls by microbial exoenzymes. This process compromises the epidermal barrier and
facilitates the entrance of pathogens in the tomato fruit (Pinto, 2024). The microorganisms
then enzymatically degrade the tissues causing them to soften and leak their cellular contents,
creating a substrate that is ideal for the growth and further microbial proliferation, which
accelerating decay (Odinita & Osas, 2023). Generally, the first to cause the spoilage process
are A. alternata and B. cinerea. They can penetrate the skin of the fruit and perform their
metabolic activities within a fruit. Inside the fruit, they metabolize the fruit’s internal sugars

and organic acids (Quarantine et al., 2016).

Outside fungal pathogens, bacterial species also such as Erwinia and Pseudomonas are of
paramount status in spoilage of tomato fruits. These bacterial pathogens have a tendency to
yield extracellular enzymes that softens the tissues of host fruit leading to soft rots and further
compromise fruit integrity (Odinita & Osas, 2023). Tomato’s high-water activity and nutrient

content make them susceptible to the diverse microbial pathogens (Wang & Wu, 2025).

Fruit injuries and physiological disorders are also entry points for pathogens causing
pathogen deterioration. More than 90% of losses during harvesting and marketing are
attributed to the pathogen decay alone (Taha et al., 2023). The extent and development of
postharvest tomato spoilage depend on the complex interplay of host susceptibility,

environmental conditions during storage and the virulence of the pathogen (Abdel-Ghany &

8



Bakri, 2019; Bist & Bist, 2021; Ahmed et al., 2017). For example, the fungus R. stolonifer
secretes pectolytic enzymes involved in the degradation of the cellulose cell walls. This
brings optimum temperatures and relative humidity, discoloration and liquefaction (Ahmed et
al., 2017). High environmental temperatures and humidity are conducive to bacterial growth
for pathogens like E. carotovora. The pathogen causes soft rots by macerating tissues of the
host (Slama et al., 2022).

2.2.3 Factors influencing microbial growth on tomatoes

Intrinsic fruit characteristics such as pH and water activity in combination strongly influence
the growth of microorganisms on harvested tomatoes. Temperature, relative humidity and
atmospheric composition are also key external environmental factors that influence the
microbial growth on tomatoes (Makau et al., 2023). Improper management of temperature
during harvest and storage may lead to drastically reduction of value for tomatoes by
encouraging microbial growth and speeding senescence (Cyrille et al., 2022). High humidity
in storage facilities can create a microclimate on the fruit surface favoring the germination of
fungal spores and subsequent penetration of the hyphae. Poor ventilation can also build up
the ethylene further hastening the ripening and decaying processes (Akotowanou & Senan,
2023; Flores-Lopéz et al., 2024).

Additionally, these problems can be aggravated by poor harvesting handling practices like
careless harvesting, bulk packaging and inadequate transportation to distant markets. Such
physical damages provide entry points for pathogens and also help moisture to condense,
which favors microbial proliferation (Sciences et al., 2021). The losses from poor harvesting
handling are estimated to be a third of the yield being lost before reaching the market (Nya et
al., 2023). Physical damage to the fruits during harvesting also reduces the fruits’ natural
defense against pathogens. This creates entry points for latent pathogens that can proliferate

rapidly as the fruits’ constitutive defense decline (Kehinde et al., 2026).

2.3 Conventional postharvest preservation methods

These are traditional methods of preservation involving chemical treatment, controlled
atmosphere storage and refrigeration. Each method has its own advantages and limitations in
extending the shelf-life of tomatoes while maintaining quality (Lucera et al., 2012). For small
scale farmers these methods can be too expensive or may raise concerns about chemical

residues and environmental impact.



2.3.1 Chemical preservatives and their limitations

Chemical treatment is a traditional postharvest preservation method that has been designed to
inhibit microbial growth and delays senescence in tomatoes (Mahajan et al., 2014).
Chemicals like chlorine are used to wash the surface of the tomatoes so as to reduce surface
microbial loads. Chlorine has a widespread use in food industry but it demonstrated limited
efficacy in reducing microbial loads due to inactivation by organic matter and pH
dependence. It can form unhealthy byproducts like trihalomethanes which are no good for

consumers’ health (Laurentiis, 2019; Linares-Morales et al., 2018).

Other disinfectants like ozone and hydrogen peroxide are also used in postharvest tomatoes to
try to eradicate pathogens from the tomato fruit. However, these disinfectants have shown
that they cannot entirely eliminate microorganism on fresh produce and can have potential
toxicity and side effects on the sensorial properties of the products (Patrignani et al., 2015).
The efficiency of chemical is often limited and their long-term environmental impacts is a
significant concern in the world realm. For instance, the use of chlorinated water as
disinfectant in tomatoes is increasingly scrutinized due to the potential formation of
carcinogenic byproducts and its limited effectiveness against embedded pathogens (Vuki¢ et
al., 2016). Furthermore, the use of chemical compounds like diphenylamine in postharvest
management of tomatoes has been linked to considerable environmental pollution. They also
promote adverse health effects which includes but not limited to tissue dysfunction and
impaired endocrine function (Niu et al., 2025). Regulatory bodies like the European Union
have mandated the substantial reduction in the application of these chemicals for postharvest
treatment of tomatoes due their significant environmental persistence in air, soil and water

alongside the alarming expansion of pathogen resistance (Cabral et al., 2013).

2.3.2 Physical methods for preserving tomatoes

The physical methods of preserving tomatoes tries to precisely regulate the levels of oxygen,
carbon dioxide and nitrogen so as to slow down respiration and ripening processes. They also
lower the metabolic activities of micro-organisms and their enzymatic reactions and these
retards tomato fruit spoilage (Arah et al., 2016). There are several packaging technologies
that can be employed to further enhance preservation as they create an optimized micro-
environment around the fruit and this may include modified atmosphere packaging and active
packaging incorporating antimicrobial agents (Kusstatscher et al., 2021). Thermal treatments
like blanching or pasteurization are also used in the inactivation of microorganism’s spoilage
and enzymes. The application of this thermal treatment in fresh tomatoes is much limited due
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to potential adverse effects on texture and flavor. Irradiation is one other method that can be
used as it uses ionizing radiation to reduce microbial loads on tomato surfaces and delay
senescence but it’s wide use is much limited as consumer acceptance and regulatory concerns

often restricts its use (Lisboa et al., 2024).

Refrigeration is one other method that can be employed in preserving tomatoes. Refrigeration
is not universally applicable as tomatoes are highly susceptible to chilling injury which in
turn compromises their quality (Vuki¢ et al., 2016). Therefore, alternative physical treatments
combined with modified atmosphere packaging have shown improved efficacy in preserving
fruit quality and delaying ripening in tomatoes. Modified atmosphere packaging has proved
to be effective in reducing weight loss and delaying ripening even though the precise benefits
depend heavily on factors such as fruit cultivar, storage conditions and the specific gas

porousness of the wrapping material in use (Akbudak et al., n.d.; Wilson et al., 2019).

Physical methods collectively aim to minimize microbial proliferation and enzymatic
degradation thereby maintaining the sensory and nutritional attributes of tomatoes for
extended periods. However, some of the methods like chlorine disinfection led to undesirable
alterations in physical parameters like increased oxygen consumption and the production of

carbon dioxide which therefore results in accelerated ripening (Workneh et al., 2011).

2.4 Herbal and plant-based preservatives

Due to concerns regarding chemical residues, consumers are demanding natural based
products and this has intensified researches based on plant-derived compounds which can be
used in preserving horticultural products for postharvest preservations. These plant-based
preservatives include essential oils and various plant extracts which have antimicrobial
effects and they present a promising alternative to conventional synthetic pesticides (Din et
al., 2023). According to Rizzo, (2025), these preservatives are safer for consumption and they
exhibit a reduced tendency of inducing pathogen resistance as compared to synthetic
chemicals. They offer both antimicrobial and antioxidant properties and these two are crucial
for inhibiting microbial growth, maintaining color stability, reducing oxidative degradation
and preventing off-flavors (Chen et al., 2025). Plant-derived antimicrobial compounds like
bacteriocins, chitosan and other various plant extracts are growing into viable alternatives to
the synthetic preservatives and are safeguarding food safety and extend product longevity
(McClements et al., 2021). They can be applied in different ways which includes fumigation,

dipping, spraying or integrating them into composite coatings (Wang et al., 2022).
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2.4.1 Natural antimicrobial compounds from plants

Antimicrobial compounds derived from plants have gained ground due to demand from
consumers for negligibly processed and chemical free produce (Wang et al., 2025). These
natural antimicrobials are the secondary metabolites from plants and they pose diverse
mechanisms of action against microbial pathogens. They offer multi-target inhibition which
avoid resistance development associated with single target inhibition synthetic agents and
these secondary metabolites includes phenolics, terpenes and alkaloids (Carmello et al.,
2025). A lot of the plant extracts have demonstrated efficacy against key pathogens that
affects tomatoes like A. alternata and B. cinerea. These disrupts microbial cell membranes or
inhibit enzymatic processes which are critical for pathogen survival (Slathia et al., 2021).

These compounds can be extracted as essential oils or crude plant extracts (Kehinde et al.,
2026). The medicinal plants used in the extraction of essential oils and various extracts
include Annona muricata and Moringa oleifera. These plants were found to reduce the
incidence of tomato postharvest losses caused by pathogens like A. solani (Slathia et al.,
2021). Moreover, invitro studies have demonstrated that aqueous extracts derived from
cinnamon and clove can inhibit the growth of A. alternata in tomatoes (Carmello et al.,
2025).

The readily used locally available plant-based preservatives can significantly increase tomato
shelf-life by inhibiting the growth of rot-inducing fungi like Alternaria spp. thereby offering
a safer alternative to conventional chemical treatments (Carmello et al., 2025; Nizamani,
Khaskheli, Jiskani et al., 2021). The plant secondary metabolites are crucial in plant defense
against pathogens and when applied to postharvest produce they disrupt ergosterol synthesis

or causing cell membrane lysis (Din et al., 2023; Scherer & Sassoni, 2016).

2.4.2 Efficacy and safety considerations of herbal preservatives

Some natural plant extracts obtained from lemongrass or mulan magnolia have demonstrated
antifungal activities against a wide spectrum of postharvest pathogens which includes B.
cinerea and Colletotrichum coccudes in which they inhibit the germination of spores and
generation of germ tube (Salas-Méndez et al., 2019). In the same aspect, garlic extracts have
proved to reduce mycotoxins in Alternaria and have demonstrated broad applicability of
botanical compounds in mitigating postharvest spoilage (Asim et al., 2023). According to
Siroli et al. (2015), some plant derivative compounds exhibit indirect defensive properties on
plants as they enhance the plant’s natural defense mechanisms despite their direct

antimicrobial properties.
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Researchers have increased their researches on the utilization of essential oils and other plant
derived extracts as promising biological substitutes for the synthetic fungicides in postharvest
phytopathogen control. This is due to their biodegradability, non-phytotoxicity and diverse
mechanisms of action (Deresa & Diriba, 2023). Most of the substances containing these
antimicrobial activities have been identified in plant-based edible materials which are able to
protect themselves from invading pathogens (McClements et al., 2021).

2.5 Phyt Exponent® ingredient profiles

Phyt Exponent® is a branded preparation or formulation that integrates a blend of plant
derived compounds which have been selected for their synergistic antimicrobial and
antioxidant properties. This aims to deliver a vibrant and natural solution to extending the
shelf-life of perishable produce and it comprises of phytochemicals like polyphenols,

flavonoids, tannins and terpenoids (Oz & Kafkas, n.d.).

2.5.1 Active phytochemical components of Phyt Exponent®

Phyt Exponent® is formulated from different alcoholic extracts of several plant derived
compounds. It comprises of the Allium sativum, Triticum repens, Echinacea purpurea, Viola
tricolor and Matricaria chamomilla, all solubilized in 63% v/v ethanol. The 63% v/v ethanol
potentiates extraction of these lipophilic secondary metabolites while exerting its own
preservative action by denaturing microbial proteins and enhancing shelf-life stability (Aziz
et al., 2020; Scherer et al., 2023). A. sativum commonly known as garlic is rich in allicin and
organosulfur compounds which have disruption effects on the cell membranes of pathogens.
These compounds have shown to be active antifungally against postharvest tomato pathogens

like Alternaria spp. and B. cinerea (Aziz et al., 2020).

Couch grass scientifically know as T. repens is another compound of the Phyt Exponent® and
it comprises of polysaccharides and phenolic acids. These polysaccharides and phenolic acids
have potential biofilm-disrupting properties which are effective in controlling and managing
postharvest pathogens. It also features E. purpurea regularly recognized as purple
coneflower. This component has alkamides, caffeic acid derivatives and polysaccharides
which are known for enhancing immune modulation and inhibit fungal growth (Aziz et al.,
2020). Moreover, V. tricolor (purple coneflower) is abundant in flavonoids, saponins and
sesquiterpenes like the bisabolol oxides which have got broad-spectrum antimicrobial effects

(Karnwal & Malik, 2024). Lastly, Phyt Exponent® contains the M. chamomilla known as
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chamomile and this compound provides bisabolol, flavonoids and coumarins which have
anti-inflammatory and antifungal attributes (Scherer et al., 2023).

The interactions among the diverse phytochemicals of the Phyt Exponent® coupled with the
ethanol solvent are hypothesized to confer a comprehensive antimicrobial spectrum against a
wide array of spoilage microorganisms (Gurjar et al., 2012). Specifically, the presence of
various phytochemicals like essential oils, flavonoids, phenolics and polyphenolics
contributes much to the broad-spectrum antimicrobial properties of such plant derived
formulations. The natural compounds present in the derivatives interfere with the microbial
growth and survival of the pathogens through various mechanisms which includes cell
membrane disruption, enzyme inhibition and nucleic acid damage (Aziz et al., 2020; Scherer
et al., 2023).

2.6 Chemical attributes of tomatoes

2.6.1 pH of tomatoes

The tomato has a pH value that varies from 3.9 to 4.9 with ordinary cultivars falling between
4.0 and 4.7 which are mostly determined by organic acid content like citric acid (Tigist et al.,
2013; Wilkerson et al., n.d.). The acidity level of tomatoes inhibits microbial proliferation
below pH 4.5 and enhancing shelf-life even though the values tend to increase during storage.
The values tend to increase due to acid metabolism into sugars and pectin breakdown (Tigist
et al., 2013; Tolesa & Workneh, 2017). The pH is significantly influenced by maturity, rising
from 4.8 (green) to around 5.0 (pink/red) with storage at controlled temperatures accelerating
this shift (Tadesse et al., 2022; Vinha et al., 2013). Elevated pH of tomatoes during
senescence associates with reduced titratable acidity. This impacts the flavor balance and
spoilage risk as riper fruits like those harvested at red stage exhibit pH up to 4.93 (Oliveira et
al., 2016). The pH also directly influences the enzymatic activities within the fruit, impacting
cell wall degradation and pigment synthesis, thereby dictating overall textural integrity and
color development (Tigist et al., 2013). Monitoring these pH values is crucial for the

assessment of postharvest quality and preservative efficacy in extending tomato viability.

2.6.2 Total soluble solids (TSS) of tomatoes

TSS are the dissolved substances present in the tomato juice and they mainly include sugars
but sometimes can also include small amounts of acids, vitamins, proteins and minerals. TSS
are measured in “Brix via refractometry and its values ranges from 4.0 to 6.0 in tomatoes with

sugars primarily ranges from 65-70% glucose/fructose, associating with sweetness and
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maturity (Okiror et al., 2017; Quamruzzaman et al., 2022). The breaker and red stages in
tomatoes yields the highest TSS of 5.4-6.0 °Brix, optimal for market while turning stage is
lowest with a value of about 4.0 °Brix but this usually increases due to respiration (Kanski et
al., 2020; Quamruzzaman et al., 2022). Tomato cultivar and handling can also impact TSS
with non-PGI tomatoes show higher values linked to ripeness (Panebianco et al., 2023).
Higher TSS signals consumer appeal about spoilage risks, where portable NIR sensors
predict it alongside firmness for quality grading. Preservatives targets TSS stability to extent

shelf life without altering sensory profiles (lgarashi-Mafra et al., 2022).

2.7 Zone of microbial inhibition

2.7.1 Concept of zone of inhibition (ZOl)

The zone of inhibition (ZOI) is a clear range around an antimicrobial agent on agar plates
where microbial growth is absent. It is formed by radial diffusion creating a concentration
gradient exceeding the minimum inhibitory concentration (Wiegand et al., 2015). In diffusion
assays, standardized inoculum (0.5 McFarland) on Mueller-Hinton agar allows agent
diffusion post-incubation with ZOI diameter inversely proportional to MIC and interpreted
per CLSI guidelines. Larger ZOI indicates higher efficacy though dependent on diffusion
rates (Maliha et al., 2022; Wiegand et al., 2015).

2.7.2 Factors affecting zone of inhibition

The size of ZOIl depends on agent concentration, diffusion rate, inoculum density, agar
thickness, pH, temperature and medium composition (Eloff, 2019; Wiegand et al., 2015).
Higher temperatures and concentrations enhance diffusion while thick agar or high inoculum
reduces ZOI and particle size also affects solubility. For plant extracts, extraction method and
molecular charge modulates efficacy (Wiegand et al., 2015). Standardization ensures
comparability in postharvest preservative tests. This highlights the critical need for
meticulous control over experimental parameters when evaluating novel natural preservatives

for tomato shelf-life extension.

2.7.3 Significance of zone of inhibition in postharvest studies

The ZOIl is a measurement of antimicrobial potential and is useful in the selection of
preservatives to prolong the shelf life and is inversely proportional to the MIC (Wiegand et
al., 2015). It evaluates natural agents in tomatoes against spoilers like Rhizopus and predicts
their efficacy in the field (Eloff, 2019; Gonelimali et al., 2018). Larger ZOIl means strong

inhibition, which is helping in biopesticide development. Postharvest applications of
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extracts/coatings to validate against fungicide resistance bridges in-vitro to in-vivo,
optimizing sprays like Phyt Exponent® for tomato preservation. This methodology allows for
a rapid preliminary assessment of various natural compounds’ inhibitory effects against target
spoilages thereby streamlining the selection of promising candidates for subsequent in-situ

evaluation (Gonelimali et al., 2018).

CHAPTER 3

METHODOLOGY

3.1 Study site

The project was carried out at Astra Biological Sciences Laboratory at Bindura University of
Science Education. The laboratory is located in Mashonaland Central, Bindura, about 87 km
North-East of Harare, Zimbabwe 1041 Masembura Road off, Trojan Road, Bindura, GPS
coordinates 17.3167°S, 31.3228°E. The laboratory provided a controlled indoor environment
shielded from direct sunlight and precipitation, with tomatoes stored at ambient room
temperature (25 + 2°C) and away from sources of ethylene contamination or mechanical
disturbance, thereby minimizing extraneous environmental variation across the storage

period.

3.2 Experimental design
A Completely Randomized Design (CRD) with four treatments and five replications was
employed and a total of 20 experimental units were obtained. The structure of the treatments

is shown in Table 3.2.

Table 3.2: Structure and details of the treatments

Treatment Concentration Number of  Description

replicates
TO 0% (Control) 5 Distilled water only
T1 1% 5 1 mL Phyt Exponent® plus 99 mL water
T2 3% 5 3 mL Phyt Exponent® plus 97 mL water
T3 5% 5 5 mL Phyt Exponent® plus 95 mL water
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3.3 Materials and methodology

Materials and equipment used in this study, including Phyt Exponent® herbal formulation,
sterile distilled water, nutrient agar (NA), potato dextrose agar (PDA), an analytical balance,
digital vernier caliper, penetrometer, incubator, laminar flow cabinet, autoclave, spray bottles
and a standard colour chart, are described in context within the relevant procedures below

where and how each was used.

3.4 Preparation of Phyt Exponent® concentrations
The Phyt Exponent solution was diluted with sterile distilled water to prepare working

concentrations as follows:
e 0% (control): 100 mL sterile distilled water.
e 1% (T1): 1 mL Phyt Exponent® + 99 mL sterile distilled water.
e 3% (T2): 3 mL Phyt Exponent® + 97 mL sterile distilled water.
e 5% (T3): 5 mL Phyt Exponent® + 95 mL sterile distilled water.

Each solution was prepared freshly in a sterile glass vessel, mixed thoroughly by inversion
and then transferred to sterile spray bottles. The solutions were used immediately to prevent

degradation of the phytochemicals particularly allicin and essential oil monoterpenes.

3.5 Tomato selection and treatment

Commercially mature tomatoes of the Tengeru variety were obtained from a single batch at a
local market to ensure homogeneity. The tomatoes were individually inspected and those free
of wounds, blemishes, slit skins, or evidence of pre-existing disease were selected. Those

selected ones were weighed independently before surface sterilization.

Surface sterilization was performed by wiping each and every tomato surface with sterile
cotton wool which was lightly moistened with 70% ethanol. It was then followed by rinsing
with sterile distilled water and air drying on sterile absorbent paper for 15 minutes under
laminar flow cabinet. This was done as to reduce initial epiphytic microbial loads to baseline

levels comparable across all treatment groups, minimizing confounding variability.

Each tomato was inoculated uniformly with 10 CFU Botrytis cinerea before being sprayed
with its designated treatment solution using calibrated spray bottles (five sprays per tomato,
rotating the fruit to achieve complete surface coverage). Tomatoes were allowed to air-dry

afterwards for 30 minutes under normal conditions before being arranged in their designated
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treatment boxes. The fruits were stored at normal room temperatures (25°C = 2°C)
throughout the 14-day period.

3.6 Data collection

Tomato quality parameters were assessed on days 0, 2, 4, 7, 10, 12 and 14 respectively except
for colour change which was recorded up to day 12. Each treatment was represented by five
replicate tomatoes (one tomato per replicate unit), giving 20 tomatoes in total across the four
treatments. All tomatoes were harvested at the pink stage of ripening (colour score 4, Table
4.2) prior to treatment application. The following parameters were recorded:

3.6.1 Weight loss
Every tomato was weighed on a calibrated analytical balance at each assessment day. The
percentage weight loss of each tomato was calculated using the formula:

Initial weight-Current weight

o Weight loss= x 100

Initial weight

3.6.2 Firmness

Fruit firmness was measured using a digital penetrometer with a flat-tipped probe (5mm
diameter) applied to the equatorial region of each fruit at three positions. Results were

expressed in Newtons (N) as the mean of three readings per fruit.

3.6.3 Colour change
Colour changes of tomato fruits were assessed visually against the USDA tomato colour chart

(1 = green; 2 = breaker; 3 = turning; 4 = pink; 5 = light red and 6 = red).

3.7 Chemical quality attributes
Chemical parameters were measured at day 0, 7 and 14 respectively alongside the physical

parameters.

3.7.1pH

The pH of the extracted tomato juice was determined using calibrated digital pH meter. Prior
to each measurement session, the pH meter was standardized using buffer solution of pH 4.0
and 7.0 to ensure accuracy and reliability of readings. 20 mL of freshly extracted tomato juice
from each experimental unit was poured into a clean beaker and the pH electrode was
immersed into the juice and allowed to stabilize before readings were recorded. Three
readings were taken per sample and then averaged. The electrode was rinsed with distilled

water and blotted dry between samples to avoid cross-contamination.
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3.7.2 Total Soluble Solids (TSS)

TSS content which primarily reflects the sugar content of the tomato juice was measured
using a hand-held refractometer calibrated with distilled water at room temperature before
each use. A few drops of freshly extracted tomato juice were placed on the prism of the
refractometer and the cover plate was gently closed. The readings from the refractometer
were taken by looking through the eyepiece towards a light source. The point where the
boundary between the light and the dark fields intersected the scale was recorded as the TSS
value expressed in degrees Brix (°Brix). The prism was cleaned with a damp cloth and dried
between each sample measurement to prevent carryover errors. TSS measurements were

taken in triplicate and the average was recorded.

3.8 Zone of microbial inhibition assessment

The antimicrobial activity of Phyt Exponent® at varying concentrations was determined using
the agar well diffusion method. One bacterial (E. carotovora) and one fungal (B. cinerea)
spoilage microorganisms associated with tomatoes were isolated and used as test organisms.
Nutrient agar (NA) plates were inoculated with a standardized suspension of E. carotovora
(bacteria) and Potato Dextrose Agar (PDA) plates were inoculated with the standardized
suspension of B. cinerea (fungi), both prepared at 0.5 McFarland standard. Wells of 6mm
diameter were bored into the NA and PDA plates using a sterile cork-borer. Each well was
filled with 100 pL of respective Phyt Exponent® concentrations (TO, T1, T2 and T3). The
plates were incubated at 37°C for 24 hours for bacteria and 25°C for 72 hours for the fungi.
The zone of inhibition (ZOI) was measured in millimeters (mm) using a vernier caliper and

recorded.

3.9 Data analysis

Data collected were subjected to Analysis of Variance (ANOVA) using GenStat statistical
software (18th Edition) at a 5% level of significant variance (p < 0.05). Where significant
differences were detected among treatments, Least Significant Difference (LSD) test was
used for mean separation and comparison. Results were presented as mean + standard

deviation in tables and figures.
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CHAPTER 4

RESULTS

4.1 The effect of Phyt Exponent® spray on weight loss of tomatoes (14-day period)

There was no significant difference in mean tomato weight among treatments at day O of
storage (p > 0.05), confirming that all treatment groups began with comparable initial fruit
weight. A significant treatment effect emerged from day 2 onwards and became progressively
more pronounced through days 4, 7, 12 and 14 (p < 0.05). Fruit weight declined steadily in all
treatments over the 14-day storage period, but at a markedly slower rate in tomatoes treated
with Phyt Exponent®. By day 14, the untreated control (0%) had lost 16.4% of its initial
weight (359.4 g to 300.4 g), compared with 9.4% in the 1% treatment (375.8 g to 340.4 g),
10.2% in the 3% treatment (394.2 g to 354.0 g), and only 3.9% in the 5% treatment (374.0 ¢
to 359.4 g). The 5% concentration therefore retained the greatest proportion of fruit weight
throughout storage, followed by the 1% and 3% treatments, while the untreated control lost

weight most rapidly, as summarized in Table 4.1.

Table 4.1: The effect of Phyt Exponent® spray on weight loss of tomatoes (14-day
period)

Treatments Weight (g) Weight (g) Weight (g) Weight (g) Weight (g) Weight (g)

at day 0 at day 2 at day 4 at day 7 at day 12 at day 14
T0 359.4 352.4° 341.2° 334.8° 315.2° 300.4°
T1 375.8 371.4%® 366.6% 360.2% 348.6° 340.42
T2 394.2 388.4° 382.82 377.6° 364.82 354.0°
T3 374.0 389.0° 383.22 376.6° 363.82 359.42
Grand Mean  375.9 375.3 368.4 362.3 348.1 338.6
P-value 0.221 0.029 0.020 0.017 0.011 0.006
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SED 15.78 12.40 13.33 13.20 14.41 15.34
LSD 33.46 26.29 28.25 27.98 14.41 32.52
CV% 6.6 5.2 5.7 5.8 6.5 7.2

At p <0.05, means sharing the same letter within a column are not significantly different.

Letter groupings are omitted at day 0, where no significant differences were detected among

treatments.

4.2 The effect of Phyt Exponent® spray on colour change of tomatoes (12-day period)
There were no significant differences of Phyt Exponent® observed on colour change of
tomato fruits (p > 0.05). Colour development progressed predictably across all treatments
from pink (score 4) to full red (score 6) (Table 4.2).

Table 4.2: Effect of Phyt Exponent® spray on colour change of tomatoes (12-day period)

Treatment Colour change Colour change Colour change Colour change Colour change
at day 0 at day 2 at day 4 at day 7 at day 12
T0 4.00 4.60 5.200 5.80 6.000
T1 4.00 4.20 5.000 5.40 6.000
T2 4.00 4.40 5.000 5.60 5.800
T3 4.00 4.20 5.000 5.00 5.800
Grand mean 4.00 4.35 5.050 5.45 5.900
P-value 0.547 0.418 0.066 0.585
SED 0.00 0.316 0.1414 0.283 0.2000
LSD 0.000 0.670 0.1414 0.600 0.4240
CV% 0.0 115 4.4 8.2 5.4

At p < 0.05, means sharing the same letter within a column are not significantly different.
Letter groupings are omitted throughout, as no significant differences were detected among

treatments at any assessment day

4.3 The effect of Phyt Exponent® spray on firmness of tomatoes (14-day storage)
There was no significant effect of Phyt Exponent® observed on firmness of tomato fruits
among treatments at day 0 and day 2 (p > 0.05), confirming that all treatment groups began

with comparable initial fruit firmness. A significant treatment effect emerged from day 4 (p <
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0.05) and became highly significant by days 7, 12 and 14 (p < 0.001, Table 4.3). By day 4,
the 5% and 1% treatments had begun to separate from the untreated control, recording 45.6 N
and 44.8 N respectively against 40.8 N in the control. This divergence widened sharply by
day 7, when the 5% treatment retained the highest firmness (43.2 N) followed by the 1%
treatment (40.2 N), while the 3% treatment and the untreated control had both declined to
32.4 N. By day 12 and day 14, firmness in the untreated control had fallen most steeply, to
16.4 N and 13.6 N respectively, whereas the 5% treatment retained the highest firmness at
both time points (35.4 N and 30.8 N), followed by the 1% (32.2 N and 29.0 N) and 3% (30.0
N and 28.0 N) treatments. Firmness therefore declined progressively in all treatments over
the storage period, consistent with normal ripening, but Phyt Exponent®-treated tomatoes,
particularly at 5%, retained significantly greater firmness than the untreated control from day

4 onwards.

Table 4.3: The effect of Phyt Exponent® spray on firmness of tomatoes (14-day storage)

Treatment Firmness at Firmness at Firmness at Firmness at Firmness at Firmness at

day 0 day 2 day 4 day 7 day 12 day 14
TO 50.40? 48.00? 40.80° 32.40° 16.40° 13.60P
Tl 52.00? 49.80? 44.80? 40.20° 32.20% 29.00?
T2 50.60? 48.20? 43.20% 32.40° 30.00° 28.00?
T3 50.20? 47.80% 45.60? 43.20? 35.40° 30.80?
Grand mean 50.80 48.45 43.60 38.55 28.50 25.35
P-value 0.448 0.485 0.016 0.001 0.001 0.001
SED 1.196 1.400 1.393 1.360 2.045 1.871
LSD 2.535 2.968 2.953 2.883 4.334 3.966
CV% 3.7 4.6 5.1 5.6 11.3 11.7

At p <0.05, means sharing the same letter within a column are not significantly different.

4.4 The effect of different concentrations of Phyt Exponent® on pH of tomatoes

There was no significant effect of Phyt Exponent® observed on pH at day 0 (p > 0.05), with
all means clustering narrowly between 4.08 and 4.11, confirming comparable initial fruit
acidity across all treatment groups. Significant differences emerged by day 7 (p < 0.05) and
became highly significant by day 14 (p < 0.001). By day 7, the untreated control (0%)
recorded the highest pH (5.046), while the 5% treatment maintained the lowest (4.418), with
the 1% (4.758) and 3% (4.546) treatments intermediate. This pattern persisted to day 14,
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when pH in the control had risen further to 5.080, compared with 4.782, 4.720 and 4.640 in
the 1%, 3% and 5% treatments respectively. LSD groupings at day 14 confirmed that the 5%
treatment maintained the lowest and most stable pH throughout storage, followed by the 3%
and 1% treatments, while the untreated control showed the greatest rise in pH over the
storage period (Table 4.4).

Table 4.4: The effect of different concentrations of Phyt Exponent® on pH of tomatoes

Treatments pH at day O pH at day 7 pH at day 14
TO 4.08202 5.0462 5.080?

T1 4,0960° 4,758% 4.782°

T2 4.1020° 4.546" 4,720

T3 4.1080% 4.418° 4.640°
Grand mean 4.0970 4.692 4.806
P-value 0.662 0.004 0.001

SED 0.1488 0.1488 0.0644

LSD 0.3155 0.3155 0.1365
CV% 0.8 5.0 2.1

At p <0.05, means sharing the same letter within a column are not significantly different.

4.5 The effect of different concentrations of Phyt Exponent® on the total soluble solids
(TSS) of tomatoes during storage

At day 0, there was no significant difference in TSS among treatments (p > 0.05), with means
ranging narrowly from 3.920 to 3.936 °Brix, confirming comparable initial sugar content
across all fruit. By day 7, treatments had diverged significantly (p < 0.05), with the untreated
control (0%) recording the highest TSS (4.680 °Brix) and the 5% treatment the lowest (4.408
°Brix), with the 1% (4.576) and 3% (4.476) treatments intermediate. The difference was
highly significant by day 14 (p < 0.001), with LSD groupings confirming that all four
treatments differed significantly from one another: TSS rose progressively from 4.506 °Brix
in the 5% treatment, to 4.624 in the 3% treatment, 4.740 in the 1% treatment and 4.950 in the
untreated control (Table 4.5).
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Table 4.5: The effect of different concentrations of Phyt Exponent® on the total soluble

solids (TSS) of tomatoes during storage

Treatments TSS at day O TSS at day 7 TSS at day 14
TO 3.92202 4.680° 4.9502

T1 3.9360° 4,576% 4.740°

T2 3.9200° 4.476" 4.624°

T3 3.9320° 4.408° 4.506¢

Grand mean 3.9275 4.535 4,705
P-value 0.822 0.005 0.001

SED 0.01980 0.0668 0.0302

LSD 0.04197 0.1416 0.0640

CV% 0.8 2.3 1.0

At p <0.05, means sharing the same letter within a column are not significantly different.

4.6 The zone of microbial inhibition of Phyt Exponent® at varying concentrations
against bacteria and fungi spoilage (E. carotovora and B. cinerea)

There was highly significant effect on ZOI for both bacterial and fungal test organisms (E.
carotovora and B. cinerea) (p < 0.001) (Figure 4.1). The 0% Phyt Exponent® control
treatment produced no ZOIl on either plate. All three Phyt Exponent® concentrations
produced clear measurable zones on both media increasing in a concentration dependent
manner and these are demonstrated in the figures below. They were all different from each

other as confirmed by the LSD groupings.
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Figure 4.1: Plates showing ZOI for bacteria (E. carotovora) (left) and fungi (B. cinerea)
(right)

4.6.1 The zone of microbial inhibition of Phyt Exponent® at varying concentrations
against Erwinia carotovora bacteria (Figure 4.3)

The zone of microbial inhibition of Phyt Exponent® at different concentrations against E.
carotovora showed a highly significant concentration-dependent response (p < 0.001). The
untreated control (0%) produced no inhibition while the 1%, 3% and 5% concentrations
produced progressively larger zones of inhibition of 8 mm, 12 mm and 17 mm. All the values

were significantly different from each other as confirmed by the LSD groupings (Figure 4.2).
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Figure 4.2: The zone of microbial inhibition of Phyt Exponent® at varying concentrations
against bacterial spoilage (Erwinia carotovora)

4.6.2 The zone of microbial inhibition of Phyt Exponent® at varying concentrations
against B. cinerea indicated (Figure 4.3)

The zone of microbial inhibition of Phyt Exponent® at varying concentrations against B.
cinerea was also highly significant (p < 0.001). As with bacteria the untreated control
produced no inhibition with the 1%, 3% and 5% concentrations producing progressively
larger zones of inhibition. All the zones produced were significantly different from each other
as confirmed by the LSD groupings.
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Figure 4.3: The zone of microbial inhibition of Phyt Exponent® at varying concentrations

against fungi spoilage (Botrytis cinerea).
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CHAPTER 5

DISCUSSION

5.1 Effects of Phyt Exponent® spray on weight loss of tomatoes

The results of this study demonstrated that there was no significant effect of Phyt Exponent®
spray on the weight of tomatoes at day 0. This was expected as all tomatoes were selected
from the same batch and were uniformly allocated across treatments prior to any spray
application. This uniformity confirms that the experimental units were comparable and any
successive differences in weight loss were attributable to the treatments rather than initial
variation. This is consistent in with the standard expectations in postharvest studies where
initial weight homogeneity across treatments is a prerequisite for valid comparison (Isack &
Monica, 2013).

Weight loss was significantly lower from day 2 onwards in all Phyt Exponent® treated
tomatoes compared to the untreated control. Differences became more progressively
announced throughout the 14-day storage period. By day 14, 5% Phyt Exponent®
concentration recorded the highest retained weight compared to untreated control. This
significant suppression of weight loss in treated tomatoes is consistent with the known
capacity of phytochemical preservatives. These phytochemical preservatives have the ability
to retard the rate of transpiration and microbially induced epidermal degradation (Kehinde et
al., 2026). The phytochemical constituents of Phyt Exponent® particularly allicin from Allium
sativum and flavonoids from Matricaria chamomilla are known to disrupt microbial cell
membranes and inhibit enzymatic activity. This reduces microbial colonization of the fruit
surface which could otherwise accelerate moisture loss through epidermal damage (Aziz et
al., 2020).
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Ethanol solvent base (63% v/v) (food grade) used in Phyt Exponent® also independently
contributed to surface sterilization at the point of application by denaturing surface-resident
microbial proteins. This may have hampered the initial microbial colonization that initiates
cuticle degradation (Scherer et al., 2023). The concentration dependent pattern of weight
retention (5% > 3% > 1% > 0% Phyt Exponent®), suggestive of dose-response relationship
with higher concentrations providing stronger protection. These results are in line with those
of Salas-Méndez et al. (2019) who reported an appreciable reduction in weight loss of
tomatoes coated with edible nanolaminates containing plant-derived antimicrobial extracts.
Meena et al. (2020) also mentioned that chitosan nanoparticle treatments significantly

reduced weight loss in tomatoes.

5.2 Effect of Phyt Exponent® spray on colour change of tomatoes

No significant treatment effects on colour change were observed at any of the assessment
days. This indicates that Phyt Exponent® did not have meaningful interference with the
natural ripening-associated colour development in tomatoes. All treatments demonstrated a
predictable progression from pink at day 0 to full red by day 12. This agrees with natural
lycopene accumulation dependent on ethylene, which is characteristic of ripening in
climacteric tomato (Flores-L6pez et al., 2024). This is an important observation from a food
quality and consumer acceptability point of view as it confirms that the application of Phyt

Exponent® does not compromise the natural maturation process of the fruit.

The slightly slower colour advancement observed for the 5% Phyt Exponent® treatment at
day 7 was not statistically significant and is therefore not interpreted as a treatment effect; it
is reported here only because a broadly similar non-significant delay in colour progression
has been noted for other antimicrobial coatings, for example in Pobiega's (2020) study of a
pullulan-based propolis coating on cherry tomatoes, which did not significantly alter the
overall colour progression trajectory. This supports the conclusion that Phyt Exponent®
preserves fruit shelf-life without adversely altering the natural ripening-associated

pigmentation that consumers associate with tomato quality.

5.3 Effect of Phyt Exponent® spray on firmness of tomatoes

The progressive decline in fruit firmness observed across all treatments in consistent with the
well-documented climacteric ripening physiology of tomatoes. This involves the increased
ethylene production and the concurrent enzymatic hydrolysis of pectin and hemicellulose in

cell wall matrix (Flores-Lopez et al., 2024). The non-significant differences at day 0 and day
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2 confirms that all treatments began with comparable fruit firmness thereby validating the

experimental allocation.

Significantly treatment effects emerged from day 4 and became highly significant by day 7,
12 and 14 respectively. Phyt Exponent® treated fruits consistently retained significantly
greater firmness than the control. By day 14, the untreated control (0% Phyt Exponent® had
declined further while 1%, 3% and 5% Phyt Exponent® treatments maintained significantly
higher firmness values respectively. This marked difference is attributable to the
antimicrobial suppression of pectolytic microorganisms by Phyt Exponent® (Ahmed et al.,
2017). The suppression of these microorganisms by Phyt Exponent® indirectly retarded
enzymatic cell wall degradation resulting in significantly higher firmness retention in treated

fruits.

The firmness LSD groupings at day 7 revels that all treatments were significantly different
from each other. This demonstrates a clear concentration-dependent firmness retention effect.
These findings are supported by Carmello et al. (2025) who demonstrated that aqueous
extracts of cinnamon and clove, significantly maintained firmness in tomatoes. They
confirmed that these two acts by suppressing A. alternata, a key pectolytic pathogen that
secretes cell wall degrading enzymes responsible for accelerated tissue softening both in vitro

and under postharvest storage conditions.

5.4 Effect of Phyt Exponent® on the pH of tomatoes

No significant differences in pH were observed at day O across all treatments, confirming
comparable initial fruit acidity across all experimental units. This is consistent with the
expected pH range of commercially mature tomatoes typically between 4.0 and 4.7 (Tigist et
al., 2013). The non-significant pH confirms that the surface spray application did not

immediately alter the internal chemical environment of the fruit.

By day 7, significant treatment differences were observed with the control treatment (0 %
Phyt Exponent® recording a markedly elevated pH while the 5% Phyt Exponent® treatment
maintained the lowest pH. The control treatment (0% Phyt Exponent®) pH has risen by day
14 compared to 1%, 3% and 5% respectively. Observed rise in pH in the untreated control is
consistent with the well-documented process of organic acid degradation during tomato
senescence. This is where citric and malic acids are metabolized through the Krebs cycle and
concurrently consumed by microbial metabolic activity, producing alkalizing metabolites

such as ammonia and basic fermentation by-products (Tigist et al., 2013). The significantly
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lower and more stable pH in treated fruits is thus attributable to the antimicrobial suppression
of acid-consuming microorganisms by Phyt Exponent®.

From a food safety perspective, the retention of pH below 4.7 in treated tomatoes is
significant, as this inhibits the growth of most pathogenic bacteria which require pH above
4.5 for proliferation (Tigist et al., 2013). The acidic components of Phyt Exponent® itself,
particularly organic acids derived from E. purpurea and M. chamomilla, may also have
contributed directly to the maintenance of lower internal pH in treated fruits. These findings
are consistent with those of Tolesa & Workneh, (2017) who demonstrated that postharvest
disinfection treatments that reduce surface microbial loads on tomatoes concurrently retard
pH elevation during storage. This confirms the link between antimicrobial efficacy and pH
stability.

5.5 Effect of Phyt Exponent® on the Total Soluble Solids (TSS) of tomatoes

No significant differences were observed in TSS at day 0. This confirms that all treatments
started with comparable initial sugar content. The non-significant differences confirm that
Phyt Exponent® did not alter the initial biochemical composition of the fruit as expected from

a surface spray application.

Treatments had diverged significantly by day 7 with the control treatment recording the
highest TSS and the 5% Phyt Exponent® treatment with the lowest. The difference was
highly significant by day 14. All the four treatments were significantly different from each
other at day 14 as confirmed by the LSD groupings. The significantly higher TSS
accumulation in the untreated control is consistent with accelerated senescence characterized
by increased hydrolysis of cell wall polysaccharides and starch into simple sugars (Isack &
Monica, 2013).

The inverse relationship between Phyt Exponent® concentrations and TSS accumulation
suggests that the formulation retarded the overall senescence process. Higher TSS in the
control group indicates advanced sugar availability which further promotes microbial
proliferation and creates a self-accelerating spoilage cycle (Isack & Monica, 2013). The
ability of Phyt Exponent® to moderate TSS accumulation reflects its role in retarding both
microbial spoilage and endogenous senescence. The results are in agreement with Meena et
al., (2020) who reported the effect of chitosan nanoparticle on modulating TSS accumulation

in tomatoes by reducing respiratory enzyme activity. They are further supported by (Tolesa &
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Workneh, 2017) who demonstrated that surface disinfection treatments consistently reduced
TSS accumulation rates in ambient-stored tomatoes.

5.6 Zone of microbial inhibition of Phyt Exponent®

The agar well diffusion assay confirmed that Phyt Exponent® possesses highly significant and
concentration dependent antimicrobial activity against both bacterial and fungal pathogens
(E. carotovora and B. cinerea). The absence of ZOI on either plate in TO indicates that
neither the solvent nor the well contributed to any observed inhibitory effect, validating the
specificity of antimicrobial response to Phyt Exponent®. The progressively larger ZOl in 1%,
3% and 5% Phyt Exponent® concentrations on each agar demonstrates a strong and
consistent dose-response relationship as they are all significantly different from each other.
This directly mirrors the concentration-dependent shelf-life improvements observed in the

physical and chemical quality parameters.

The broad-spectrum antimicrobial activity demonstrated by Phyt Exponent® on both agar is
consistent with the known multi-target mechanisms of its constituent phytochemicals. Allicin
from A. sativum disrupts sulfhydryl enzyme systems and lipid bilayer integrity in both fungal
and bacterial cells (Aziz et al., 2020). E. purpurea components inhibits fungal cell membrane
integrity while flavonoids, bisabol and coumarins from M. chamomilla and saponins and
sesquiterpenes from V. tricolor all contributes to broad-spectrum antibacterial and antifungal
effects (Karnwal & Malik, 2024; Scherer et al., 2023). The synergistic interaction among
these diverse phytochemical classes confers a multi-target mechanism of inhibition that is
less susceptible to resistance development compared to single-compound synthetic fungicides
(McClements et al., 2021). The 63% v/v ethanol solvent further potentiates the antimicrobial

effect by denaturing microbial surface proteins at the point of application (Aziz et al., 2020).

The ZOI values recorded in this study fall within the ranges reported in published literature
for individual Phyt Exponent® constituents. Rahman et al. (2022) reported ZOI values of 8-18
mm for ethanolic garlic extracts against bacterial pathogens while Yazdanian et al. (2022)
reported ZOI values of 14-20mm for ethanolic E. purpurea extracts against both fungal and
bacterial organisms. The ZOI of 17.0mm produced by 5% Phyt Exponent® in the present
study is consistent with these published ranges and is expected to exceed values reported for
individual constituents. Gurjar et al. (2021) demonstrated that multi-component plant extracts
consistently produce larger zones of inhibition than single extract treatments. This was
further reinforced by Nizamani et al. (2021) as he reported clear ZOI against tomato rot fungi

using locally available plant-based preservatives applied via agar well diffusion. Collectively,
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the ZOI data provide mechanistic invitro validation for in situ shelf-life improvements
observed across all physical and chemical quality parameters measured in this study.

CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

This study evaluated the efficacy of Phyt Exponent®, a commercially available plat-derived
herbal formulation as a spray-applied postharvest preservative for extending shelf-life of
tomatoes (Solanum lycopersicum) under normal storage conditions over a 14-day period.

Based on the experimental findings, the following conclusions are drawn:

e Phyt Exponent® spray significantly extended the shelf life of tomatoes compared to
the untreated control across all measured physical quality parameters. Treated
tomatoes retained significantly more weight, great firmness and distinctly lower
visible spoilage incidence from day 2 and 4 onwards respectively. The highest
concentration of 5% Phyt Exponent® consistently produced superior results across all
parameters. The null hypothesis that Phyt Exponent® has no significant effect on the
physical quality of tomatoes was therefore rejected for weight loss and firmness from

day 4 onwards.

e Secondly, colour development was not significantly affected by Phyt Exponent®
treatment at any assessment day (p > 0.05). All the treatments progressed naturally
from pink (score 4) to full red (score 6) within a 14-day period. This confirms that the
formulation preserves fruit quality without adversely altering natural ripening-
associated pigmentation. This is a critical criterion for consumer acceptability and

market suitability of treated produce.

e Thirdly, Phyt Exponent® significantly improved the chemical quality attributes of
stored tomatoes. Treated tomato fruits retained significantly lower pH values and

lower Total Soluble Solids (TSS) relative to the control from day 7 onwards (p < 0.05
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and p < 0.001 respectively). It was consistent with retarded senescence, preserved
organic acid content and suppressed respiratory conversion of polysaccharides to
simple sugars. The null hypothesis of no significant effect on chemical quality

attributes was therefore rejected.

Fourthly, Phyt Exponent® demonstrated clear concentration-dependent antimicrobial
activity against both bacterial (Erwinia carotovora) and fungal (Botrytis cinerea)
tomato postharvest pathogens invitro. This is evidenced by measurable progressively
larger zones of inhibition at 1%, 3% and 5% concentrations on both Nutrient Agar
and Potato Dextrose Agar. The null hypothesis of no significant zone of microbial
inhibition therefore was rejected. This invitro antimicrobial activity provides

automatic justification for the observed shelf-life improvements.

Overall, Phyt Exponent® is a scientifically valid natural alternative to synthetic
chemical preservatives for postharvest tomato preservation, particularly in low-
resource settings lacking cold chain infrastructure. Its simple spray application
protocol and commercial availability make it readily adoptable by smallholder

farmers without infrastructure investment.

6.2 Recommendations

Based on the findings and limitations of the present study, the following recommendations

are provided for future research and practical implications:

Farmers, particularly smallholder farmers lacking access to cold-chain infrastructure,
are recommended to adopt the 5% Phyt Exponent® concentration as a practical, low-

cost spray treatment for extending the postharvest shelf-life and quality of tomatoes.

Future studies should have larger sample size and longer storage duration beyond the
14-day storage. This may better characterize the potential for extending the shelf-life
of Phyt Exponent® and determine how long each concentration maintains effective
preservation. This would also result in increased statistical power and reduce the

impact of natural variation in fruit ripeness at harvest.

The zone of inhibition assay should be extended to test a broader panel of
representative tomato postharvest pathogens. Standardized inoculum concentrations
should be used in accordance with internationally recognized antimicrobial testing
protocols like the Clinical and Laboratory Standards Institute (CLSI). MIC and
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MBC/MFC determinations should be conducted to provide instinctively rigorous data

supporting the preservative claims.

Titratable acidity (TA) and lycopene content should be quantified in future trials as
they are critical nutritional and flavor quality indicators in tomatoes. TA provides a
more sensitive and quantitative measure of organic acid content than pH alone.
Lycopene quantification on the other hand would allow assessment of whether Phyt
Exponent® treatment affects the accumulation of this important health-promoting

carotenoid during ripening.

An economic cost-benefit analysis of Phyt Exponent® application at farm level should
be conducted to evaluate its viability relative to conventional chemical preservatives
and alternative treatments. Such analysis should account for the cost of the product,
application labour, reduction in postharvest losses and market price differentials for
better quality produce. This information would be critical for informing adoption
recommendations targeted at smallholder farmers in Zimbabwe and similar

developing countries.

Given the significant preservation efficacy observed at 5%, future dose-response trials
should evaluate concentrations above 5%. This is to determine whether further
concentration increases yield proportionally greater benefits or whether diminishing
returns are observed. This may facilitate the identification of the optimal application

rate for maximum efficacy without phytotoxic effects on fruit quality.
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APPENDIX
Appendix 1: Analysis of variance
Variate: Weight_at_DO0 g
Source of variation d.f. S.S. m.s. v.r.  Fopr.
Replication stratum
Treatment 3 3053.8 1017.9 1.63 0.221
Residual 16 9964.8 622.8
Total 19 13018.6
Appendix 2: Analysis of variance
Variate: Weight_at_ D2 g
Source of variation d.f. S.S. m.s. v.r.  Fopr.
Replication stratum
Treatment 3 4494.6 1498.2 3.90 0.029
Residual 16 6151.6 384.5
Total 19 10646.2
Appendix 3: Analysis of variance
Variate: Weight_at D4 g
Source of variation d.f. S.S. m.s. v.r.  Fopr.
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Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 4: Analysis of variance
Variate: Weight_at_D7 g
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 5: Analysis of variance

Variate: Weight_at D12 ¢
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 6: Analysis of variance
Variate: Weight_at D14 ¢
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 7: Analysis of variance
Variate: Colour_change_at_DO
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

5847.4
7105.6
12953.0

S.S.

5996.2
6966.0
12962.2

S.S.

8040.2
8301.6
16341.8

S.S.

10661.4
9413.6
20075.0

S.S.

oo

47

1949.1
4441

m.s.

1998.7
435.4

2680.1
518.9

3553.8
588.4

oo

4.39 0.020

v.r.  Fopr.

459 0.017

v.r.  Fopr.

5.17 0.011

v.r.  Fopr.

6.04 0.006

v.r.  Fopr.



Appendix 8: Analysis of variance
Variate: Colour_change_at_D2
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 9: Analysis of variance
Variate: Colour_change_at_D4
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 10: Analysis of variance
Variate: Colour_change_at_D7
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 11: Analysis of variance
Variate: Colour_change at D12
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 12: Analysis of variance
Variate: Firmness_at DO _N

Source of variation d.f.

S.S.

0.5500
4.0000
4.5500

S.S.

0.15000
0.80000
0.95000

S.S.

1.7500
3.2000
4.9500

S.S.

0.2000
1.6000
1.8000

S.S.

48

m.s.

0.1833
0.2500

m.s.

0.05000
0.05000

0.5833
0.2000

0.0667
0.1000

V.r.

0.73

V.I.

1.00

V.I.

2.92

V.I.

0.67

V.I.

F pr.

0.547

F pr.

0.418

F pr.

0.066

F pr.

0.585

F pr.



Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 13: Analysis of variance
Variate: Firmness_at D2 N
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 14: Analysis of variance
Variate: Firmness_at D4 N
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 15: Analysis of variance
Variate: Firmness_at D7 N
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 16: Analysis of variance

Variate: Firmness_at D12 N
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

10.000
57.200
67.200

S.S.

12.550
78.400
90.950

S.S.

67.200
77.600
144.800

S.S.

310.950
74.000
384.950

S.S.

1049.80
167.20
1217.00
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3.333
3.575

m.s.

4.183
4.900

22.400
4.850

103.650
4.625

349.93
10.45

0.93

V.I.

0.85

V.I.

4.62

V.I.

22.41

V.I.

33.49

0.448

F pr.

0.485

F pr.

0.016

F pr.

<.001

F pr.

<.001



Appendix 17: Analysis of variance
Variate: Firmness_at D14 N
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 18: Analysis of variance
Variate: pH_at_DO
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 19: Analysis of variance
Variate: pH_at_D7
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 20: Analysis of variance
Variate: pH_at_D14
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 21: Analysis of variance
Variate: TSS at_ DO _UBrix

Source of variation d.f.

S.S.

940.550
140.000
1080.550

S.S.

0.001860
0.018360
0.020220

S.S.

1.13032
0.88580
2.01612

S.S.

0.55301
0.16588
0.71889

S.S.

50

m.s.

313.517
8.750

m.s.

0.000620
0.001148

0.37677
0.05536

0.18434
0.01037

V.r.

35.83

V.I.

0.54

V.I.

6.81

V.I.

17.78

V.I.

F pr.

<.001

F pr.

0.662

F pr.

0.004

F pr.

<.001

F pr.



Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 22: Analysis of variance
Variate: TSS at_D7_UBrix
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 23: Analysis of variance
Variate: TSS_at D14 UBrix
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 24: Analysis of variance
Variate: ZOl_for_fungus_mm
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

Appendix 25: Analysis of variance
Variate: ZOl_for_fungus_mm
Source of variation d.f.

Replication stratum

Treatment 3
Residual 16
Total 19

0.0008950
0.0156800
0.0165750

S.S.

0.21158
0.17852
0.39010

S.S.

0.537060
0.036440
0.573500

S.S.

805.350
16.400
821.750

S.S.

805.350
16.400
821.750
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0.0002983
0.0009800

m.s.

0.07053
0.01116

0.179020
0.002278

268.450
1.025

268.450
1.025

0.30

V.I.

6.32

V.I.

78.60

V.I.

261.90

V.I.

261.90

0.822

F pr.

0.005

F pr.

<.001

F pr.

<.001

F pr.

<.001
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