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Abstract

Tomato remains one of the most nutritive edible berries but challenged by incessant attack and spoilage by
fungi among others. The negative effects of synthetic preservatives have shifted attention to bio-preservatives.
This study investigated the shelf-life of post-harvest tomato fruits treated with the two medicinal plants:
Azadirachta indica (neem leaf) and Vernonia amygdalina (bitter leaf) extracts. Fresh tomato fruits and leaves
of both plants were sourced from Lokoja. The leaves were air-dried, pulverized and extracted with distilled
water and absolute ethanol. The extracts were analyzed phytochemically and graded concentrations (2.5 g/mL
- 10.0 g/mL) were applied to the tomato samples in five replications each. Weight loss, appearance of fungal
mycelia and deteriorations on the tomato samples were monitored for 30 days. Fungal isolates from the
deteriorated samples were recovered and subjected to in vitro inhibitory activities. Alkaloids, glycosides,
saponins, flavonoids and tannins were present in both extracts, except for A. indica, where saponins was not
detected. Both extracts significantly (p<0.05) reduce the weight loss (63.4 %) and extended the shelf life of
the tomato fruits to 24 days at 10.0 g/mL. Aspergillus niger, Fusarium oxysporum, Rhizopus stolonifer and
Alternaria alternata were recovered from the spoilt tomatoes. The most and least susceptible isolates were R.
stolonifera (84.56 %) and A. niger (71.45 %), respectively. The bioactivities of both extracts were not
significantly different (p>0.05) from each other. These findings suggest that relatively higher concentrations
of both plant extracts could be potential bio-preservatives to extend the shelf life of post-harvest tomatoes.
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Introduction

Tomato (Solanum lycopersicum L.) is an edible fruit that is widely accepted and globally consumed because
of their high nutritional contents (Ali et al., 2020). Fruits and vegetables with high levels of nutritive bio-
molecules, such as antioxidant-rich phytochemicals, minerals, vitamins, proteins, essential amino acids,
monounsaturated fatty acids, carotenoids (lycopene and 3-carotenoids) and phytosterols have been reported
to be beneficial to humans’ health and wellness (Tommonaro et al., 2012; Pem and Jeewon, 2015; Salehi et
al., 2019 ; Aslam et al., 2020; Hou et al., 2020). A previous report encouraged constant consumption of
tomatoes and tomato products for healthier life and reduction in debilitating health challenges like cancer,
osteoporosis and cardiovascular disease (Preedy and Watson, 2008; Freeman and Reimers, 2010). Most of
the health benefits of tomatoes are attributed to its major carotenoids, lycpopenes. Other uses of tomato fruits
include as major raw materials in preparation of juice, salads, soup, paste or ketchups (Freeman and Reimers,
2010).

One of the major challenges faced by farmers and retailers of tomatoes is post-harvest spoilage leading to poor
shelf-life of tomatoes (Ahmad et al., 2020). Some of these challenges occur during transportation, storage, and
marketing, thereby leading to colossal wastage of these nutritive foods. According to Yahaya and Mardiyya
(2019), post-harvest handling losses of fruits and vegetables accounted for over 30 % loss of fresh agriculture
produce. Studies have shown that the postharvest loss of tomato fruits is mainly by microbial attacks which
remain on the rise due to the poor physiological and environmental conditions. This is especially worrisome
because many food vendors use deteriorated tomato fruits in cooking to avoid economic losses. The
implication is that consumers are constantly exposed to these fungi via ingestion and/or inhalation. Hence,

there is need for proper storage, handling and preservation.

In recent times, environmentalists have considered technological interventions/expansion and application of
preservatives to reduce post-harvest losses, particularly in developing countries in order to ensure food security
and sustainability (Kumar and Kalita, 2017). Technological intervention and structural expansions are
relatively capital intensive, while synthetic chemical preservatives, though effective, have been associated

with carry over effects of chemical residues in stored foods and their attendant health risks. These drawbacks
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have shifted the attention of scientists into considering botanicals as suitable alternative preservatives for edible
foods. Plants and their derivatives are widely used as foods and medicine by man for treatment of various
microbial diseases with huge successes. Traditionally, Azadirachta indica (neem leaf) and Vernonia
amygdalina (bitter leaf) have been well documented for the treatment of diverse ailments of humans and other
animals. Bitter leaves are widely used in folk medicine to treat diarrhoea, dysentery, recurrent fever, stomach
ulcer, headaches, diabetes, joint pains, skin disorders, worm/parasitic infections, malaria, yellow fever,
constipation in moat African countries (Adedapo et al., 2014; Danladi et al., 2018). Similarly, ethnobotanical
and pharmacological properties of A. indica have been well reported globally (Paul et al., 2011; Petal et al.,
2016; Gupta et al., 2017; Saleem et al., 2018). Considering the efficacy and eco-friendly natures of medicinal
plants, it is pertinent to explore their bio-preservative potentials on common perishable nutritive fruits and
vegetables. Fungi are ubiquitous in soil, water, air, and processing materials/containers and their spores can
easily contaminate exposed products, such as fruits and vegetables (Greco et al., 2014). This study, therefore,
investigated the shelf-life improvement of post-harvest tomato fruits treated with Azadirachta indica A. Juss.

(neem leaf) and Vernonia amygdalina Del. (bitter leaf) extracts.

Materials and Methods

Study Area

This study was carried out in Lokoja, the capital city of Kogi State. Lokoja has geographical coordinates
situated between latitudes 7°45'N and longitude 6°45'E (Figure 1). Lokoja is a unique, being a confluence
town (Pittsburgh of Africa) of the River Niger and Benue as well as link zone between the South-western,
South-eastern and Abuja, the Federal Capital territory of Nigeria, with an annual rainfall is between 1016 —
1524 mm and mean annual temperature of 27.7 °C (Alabi, 2009; Adetunji, 2018). According to 2006 census,
the population of Lokoja local government aborigine, made up Hausa, Nupe, Kupa, Kakanda, Oworo,
Ganagana, Bassa and Egbira ethnic groups is estimated at 196, 643 (Audu, 2012). The strategic nature of the
State makes Lokoja a significant centre for commercial activities. The major markets within Lokoja
metropolis are: New Market (International Market), Old Market, and Kpata Market among others. Cereal

grains, fishes, vegetables and all-purpose domestic items are the predominant products in these markets.
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Figure 1: Location map of Nigeria showing Lokoja, Kogi State.

Collection of plant materials and tomato fruit samples

Fresh leaves of V. amygdalina were sourced from Lokoja main markets, while the leaves of A. indica were
collected from the premises of Federal University Lokoja. A total of 100 fresh, ripe, firm and healthy tomato
fruits were sourced randomly from five major markets in Lokoja metropolis. The samples were packaged
and labelled appropriately and conveyed using a clean black polythene bag to the Microbiology Laboratory
of Federal University Lokoja, for further processing.

Processing and preparation of plant extracts

The collected leaves of V. amygdalina and A. indica were air-dried on the laboratory workbench for 7 — 10
days before pulverising them. The powdered leaves were weighed separately before adding (100 g) of each
into 500 mL distilled water and ethanol contained in a 1000 mL conical flask. The flasks were left to stand for
7 days and manually agitated intermittently for proper dissolution and extraction. The contents were filtered
using Whatman filter paper folded within a funnel. The filtrates were concentrated to constant weigh to obtain
the extracts (Ogu et al., 2013).
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Standardization and grading of plant extracts

The concentrated extracts were reconstituted using the extracting solvents and graded concentrations each of
the aqueous and ethanol extracts (2.5 g/mL - 10.0 g/mL) were made (Ogu et al., 2012) before storing them at
low temperature daily for the shelf life study.

Phytochemical analysis of plant extracts

Phytochemical screening of each extract was done to detect the inherent phytochemical compounds;
alkaloids, glycosides, saponins, flavonoids, and tannins, using the standard protocol described previously
(Harborne, 1984; Trease and Evans, 1996).

Determination of shelf life of tomato fruits

This was determined according to previous report (Ahmad et al., 2020) with slight modifications. The
experimental design included a complete randomized block with seventeen treatments and five replications
each. The healthy tomato fruits were divided into seventeen groups with five tomatoes in each. The surfaces
of the tomatoes in groups one to sixteen were washed with 2.5 —10.0 g/mL each of aqueous and ethanol leaf
extracts of A. indica and V. amygdalina respectively. While the seventeenth group served as control with
distilled water. The various treatments were left to dry before storing them in cupboard and monitored for
weight loss, appearance of fungi and spoilage at ambient temperature (28 + 2 °C) for a duration 30 days.
Spoilage was rated using a 4-point hedonic scale of 4 (excellent), 3 (good), 2 (fair), 1 (poor) and O (very poor)
(Ahmad et al., 2020). Weight loss was determined using a metler beam balance (Mettler Toledo®
MS303TS/00 Model, USA), and the appearance of fungal mycelia on surfaces of the tomato fruits were noted

using a hand lens.

Isolation and identification fungal from samples

The prominent fungal colonies were sub-cultured onto fresh sterile potato dextrose agar (PDA) (Oxoid, UK)
media to obtain pure colonies. Pure cultures were characterised using their growth pattern, pigmentation, size
of colonies and microscopic morphology after staining with lactophenol cotton blue (Onuorah and Orji,
2015). According to this method, a drop of lactophenol was placed on a clean microscopic slide. A small
portion of each fungal isolate was taken using a sterile needle and placed in the drop of lactophenol. A clean
cover glass was gently placed over the suspension and observed microscopically. The observed cultural and
microscopic morphological characteristics for each stained fungal colony were compared with standard
reference keys and atlas for their probable identities as reported earlier (Fawole and Oso, 1988; Jay, 1998; De
Hooget al., 2000).
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In vitro inhibitory effect of extracts on fungal isolates

The assay was done as described previously (Ogu et al., 2011). A 7-day old culture of each fungal isolate was
rinsed with 10 mL normal saline in 2 % Tween 80 with the aid of glass beads to aid in separating the spores.
The harvested spore suspensions were then standardized to 10° spores/mL. Thereafter, 1 mL of each
standardized spore suspension (10° spores/mL) was uniformly spread on the surface of the gelled PDA plates
before boring 8 mm diameter wells at the centre of each PDA culture plates. Then, 100 L of the graded
extracts (2.5 — 10.0 g/mL) was added into each well. Distilled water was used a control. The plates were
incubated at room temperature for 5 — 7 days and observed for radial mycelial growth inhibition using a

transparent ruler.

Data analysis
Samples were analysed in triplicates and descriptive statistics was employed to present the data. The

differences in mean of samples were analysed using ANOVA at 5 % level of significance.

Results

Qualitative phytochemical analysis of the plant extracts revealed that alkaloids, glycosides, saponins,
flavonoids and tannins were present in substantial amount in both leaf extracts of A. indica and A. amygdalina,
except for the aqueous extract of A. indica, where saponins were not detected (Table 1). However, high levels
of saponins, flavonoids and tannins were detected in V. amygdalina extracts. Low levels of glycosides were

found in both plant extracts. The results are presented in Table 1 below.

Table 1: Phytochemical analysis of A. indica and A. amygdalina leaf extracts

Aqueous extract Ethanol extract
Phytochemicals A. indica V. amygdalina A. indica V. amygdalina
Alkaloids + ++ ++ ++
Glycosides + + + ++
Saponins - ++ + +++
Flavonoids ++ ++ ++H+ ++
Tannins ++ ++ ++ +++

Key: + = Detected; - =Not detected; +++ = High =; ++ = Moderate; + = low

The values obtained from analyses of the weight loss, appearance of fungal mycelia, and deterioration of the
tomato samples were presented in Figures 2 — 7. The aqueous and ethanol leaf extracts of both plants
displayed significant reduction in weight loss of the treated tomato fruits when compared with the untreated

controls. The ranges of weight loss for tomato samples treated with concentrations of 2.5 — 10.0 g/mL were
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32.1 % - 59.1 % and 40.2 % - 61.9 % for the ethanol and the aqueous A. indica leaf extracts respectively
(Figure 2). For the ethanol and the aqueous V. amygdalina leaf extracts, the values obtained for tomatoes
weight loss ranged between 30.1 % - 56.3 % and 38.2 % - 63.4 % (Figure 3). Relatively lesser weight loss of
the tomatoes were obtained with the ethanol extracts of both plants, though not significantly different (p>0.05).

In general, the effect of the extracts were concentration dependent.

During the periods of shelf life evaluation, the number of days it took for fungal mycelia to appear on the
surfaces of the tomato fruit samples were recorded and the findings were presented for the aqueous and
ethanol leaf extracts of A. indica (Figure 4) and V. amygdalina (Figure 5). The number of days it took for
mycelial appearance on the samples’ surfaces ranged from 6 — 16 days and 7 — 18 days respectively for
aqueous and ethanol leaf extracts of A. indica treated (2.5 g/mL — 10.0 g/mL) samples (Figure 4). On the other
hand, aqueous and ethanol leaf extracts of V. amygdalina treated (2.5 g/mL—10.0 g/mL) samples took 7 —19
days and 8 — 20 days respectively (Figure 5). The untreated control samples took approximately 3 days for
mycelial visibility.

On the effect of extracts on the duration it took for the treated and untreated tomato fruits samples to
deteriorate, it was observed that 2.5 g/mL and 10.0 g/mL of the aqueous A. indica leaf extract treatments took
9 days and 22 days for deterioration to commence as against 10 days and 23 days recorded for its ethanol
extract counterpart (Figure 6). On the other hand, the aqueous and ethanol V. amygdalina leaf extracts (2.5
o/mL —10.0 g/mL.) extended the shelf life of the tomatoes to 8 — 23 days and 9 — 24 days, respectively (Figure
7).

100 B Ageuous extract m Ethanol extract
80 -
S
9 60
o
S 40 -
g
20 A
O T T T T
Control 2.5g/mL 5.0 g/mL 7.5g/mL 10.0 g/mL
A. indica leaf extract

Figure 2: Effect of A. indica extracts on weight loss of tomato fruits.
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Figure 3: Effect of V. amygdalina extracts on weight loss of tomato fruits.
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Figure 4: Effect of A. indica extracts on appearance of fungal mycelia on surface of tomato fruits.
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Figure 5: Effect of V. amygdalina leaf extracts on appearance of fungal mycelia on surface of tomato fruits.
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Figure 6: Effect of A. indica leaf extracts on shelf life of tomato fruits.
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Figure 7: Effect of V. amygdalina leaf extracts on shelf life of tomato fruits.
Several fungal genera were characterised and isolated from the spoilt tomato samples. The prominent isolates
were Aspergillus niger, Fusarium oxysporum, Rhizopus stolonifer and Alternaria alternata. The colonial

morphology and microscopic characteristics of fungal isolates are shown in Table 2.

Table 2: Characterization and identification of fungal isolates from tomato fruits

S/N Description of fungal isolates Fungiisolated

1 The colony has black filaments at its centre which was surrounded by  Aspergillus niger
whitish, hairy edge and cream coloured base

2 White thick mycelium and white colour at bottom of plate. Slender and  Fusarium oxysporum
simple conidiophores bearing a whorl of phialides

3 The colony was a white, loose filamentous mould with black spores.
Hyphae spread to cover the whole plate. The reverse side of the culture plate  Rhizopus stolonifer
was whitish. The fungus resembles cotton wool apparence.

4 Flat white cottony growth with brown-black reverse on plate, erect Alternaria alternata
conidiophores, septate hyphae with cylindrical conidia
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In vitro inhibitory effect of extracts on fungal isolates

Analysis of the in vitro inhibitory effects A. indica and V. amygdalina leaf extracts showed that all the fungal
isolates were susceptible to them, though in a concentration associated pattern (Figures 8 and 9). For A. indica,
the ethanol extracts generally produced the better mycelial growth inhibitory effect with the most susceptible
fungal isolate being R. stolonifer (78.43 %), followed by F. oxysporum (77.45 %), A. niger (62.71 %) and. A.
alternata (45.51 %) least being at 10.0 g/mL concentration. A similar pattern was observed for the aqueous
leaf extract (Figure 8). For the leaf extracts of V. amygdalina, R. stolonifera (84.56 %) was most sensitive to
the ethanol fraction, followed by F. oxysporum (77.34 %), A. alternata (72.45 %) and A. niger (71.45 %)
being the least. A similar pattern was observed with the aqueous leaf extracts (Figure 9). Although, the effects
V. amygdalina extracts appeared to be more active against the spoilage fungi, statistical analysis revealed that
the mycelia inhibition observed for both extracts were not significantly different (p>0.05) from each other.
The least effect was observed with the 2.5 g/mL extracts.
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A.niger F.oxysporum A.alternata R.stolonifer  A.niger F.oxysporum A.alternata R. stolonifer
Fungal isolate

Figure 8: In vitro effect of A. indica leaf extracts on fungal isolates from tomato fruits
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Figure 9: In vitro effect of V. amygdalina leaf extracts on fungal isolates of tomato fruits
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Discussion

Plant has been an age long source of food and medicine for humans. Medicinal properties of plants are linked
to the bioactive molecules they possess (Saleem et al., 2018). In this study, two medicinal plants; A. indica
(neem) and V. amygdalina (bitter leaf), were investigated as bio-preservatives for post-harvest tomato fruits.
The presence of alkaloids, glycosides, saponins, flavonoids and tannins in both leaf extracts is in agreement

with previous studies (Offor, 2014; Raimi et al., 2020), who reported similar bioactive molecules.

The effects of leaf extracts of A. indica and V. amygdalina revealed notable findings. The aqueous and ethanol
leaf extracts of both plants displayed a concentration dependent reduction in weight loss of the treated tomato
fruits when compared with the untreated controls. This finding suggests that leaf extracts of A. indica and V.
amygdalina could prevent high respiration rates which are responsible for fungal decay and weigh losses of
the fruits. Fungi have been found to possess hydrolytic enzymes which enhance the breakdown of cell walls
of fruits and vegetables (Khaleel, 2017). In the same study plant extracts possessed the potentials to modify

the storage conditions, such as increase in relative humidity, decrease in respiration rates and fungal spoilages.

The extracts were also able to delay the appearance of fungal mycelia on the surfaces of the tomato fruits for
over 20 days when compared with the control. This finding is in concordance with earlier works which
reported that most medicinal plants possess antifungal properties and could be used in preserving fruits and
vegetables from microbial and pest attack (Verghses, 2000; Hosea et al., 2017; Li et al., 2021). The ethanol
extract of V. amygdalina leaf at the highest concentration, gave the most extended shelf-life observed in this
study. This may be attributed to the higher contents of the bioactive molecules extracted by the ethanol.
Ethanol and other organic solvents have been reported in the past as effective extracting solvents for medicinal
plants (Ogu et al., 2011; Ogu et al., 2012). This indicates that extracts of bitter leaf will be a better bio-
preservative of tomato fruits. The ethanol effects of A. indica also produced a comparable reduction in weight
loss, delayed fungal appearance and substantially extended the shelf life of the of the studied tomato fruits.
The effects of A. indica leaf extract in this study were in agreement with the submission of Hosea et al. (2017)
and Ejale and Abdullah (2004), who reported that powder leaves of neem significantly extended the shelf life
and market values of ripe tomato fruits. The capacity of leaf extracts of bitter leaf and neem to minimize the
spoilage of tomato fruits further laid credence to their efficient bio-preservative potentials. This makes both
plant good candidates for bio-protection of fruits and vegetables in many developing countries were
postharvest deterioration of fruits and vegetables continue to pose a very major challenge (Ahmad et al.,
2020).
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The fungi isolated from the spoilt tomato fruits have been reported as the major spoilage fungi of postharvest
tomato fruits. This is in consonance with the work of Kutawa et al. (2020), who reported the presence of
Aspergillus niger, Rhizopus stolonifer and Fusarium oxysporum in spoilt tomato fruits sold within Dutsin-Ma
Metropolis, Katsina State, Nigeria. Also, similar genera of fungi were reported from Lagos (Sanyaolu, 2016)
and Nsukka (Amujiet al., 2013). However, our findings disagreed with the work of Onuorah and Orji (2015),
who in addition to isolates of this current research, reported the presence of Saccharomyces cerevisiae,
Penicillium digitatum and Geotrichum candidum from post-harvest tomato fruits sold in major markets within
Awka, Nigeria. In the same vein, Dimphna (2016) reported the isolation of Penicillium sp. and Cladosporium
sp. from post-harvest decaying tomatoes sold within Abakaliki market, Nigeria. Penicillium sp. and Mucor
sp. were reported from different tomato markets in Abuja (Mailafia et al., 2017; Mukhtar et al., 2019).
Moreover, contrary isolates; Rhodotorula sp., Mucor sp. and Saccharomyces cerevisiae were reported from
Wukari, Nigeria (Ogodo et al., 2020). The common handling practices, transportations, prevailing storage
environment by the producers and markers could have accounted for the variations with the fungal isolates
from commercial tomatoes (Okojie and Isah, 2014). Generally, Greco et al. (2014) noted that fungi are
ubiquitous in soil, water, air, and processing materials/containers and their spores can easily contaminate
exposed products, such as fruits and vegetables. These might be the major sources of fungal contaminations

of poorly handled tomatoes.

The fungi isolated from this study were significantly inhibited by the agueous and ethanol extracts of both
plants, as indicated by the high percentage of in vitro mycelial growth inhibition obtained. The bio-activities
of the plant extracts could be attributed to their potent inherent phytochemicals; tannins, flavonoids, alkaloids,
and saponins. The slight variations in the antifungal effects could be traced to the differences in the solvents
used for the extracts process. This in line with an earlier report that extracting solvents affect the quantities and
efficacies of bioactive molecules (lloki-Assanga et al., 2015). The observed results suggest that the studied
plants possess the bioactive molecules needed to prevent the in vivo and in vitro activities of tomatoes spoilage
fungi. Hence, they could be considered as potential bio-preservatives for tomatoes and other perishable fruits.
The concentration depended effects of the extracts indicate that relatively higher concentrations should be

considered when exploiting their potentials.

Conclusion

The aqueous and ethanol leaf extracts of A. Indica (neem) and V. amygdalina (bitter leaf) were investigated
for their phytochemicals and abilities to extend the shelf life of fresh tomatoes. This study showed that graded
aqueous and ethanol leaf extracts (2.5 g/mL — 10 g/mL) of A. indica (neem) and V. amygdalina (bitter leaf)
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displayed concentration depend effected on shelf-life of the tomato samples. Both plant extracts at
concentrations of 10 g/mL significantly lowered the weight loss, mycelial growth appearance, and ultimately
extended the shelf life of tomato for over 20 days. The effects of both plant extracts were linked to the presence
of tannins, flavonoids, alkaloids, and saponins, which were present in substantial amounts in the ethanol and
aqueous leaf extracts. The plant extracts equally displayed remarkable in vitro antifungal activities against A.
niger, R. stolonifera, F. oxysporum and A. alternata, which were the four prominent spoilage fungi recovered
from the spoilt tomato fruits. Findings from this study, therefore, suggest that both medicinal plants at 10.0
g/mL could be considered as bio-preservatives to extend the shelf life and reduce economic losses of post-
harvest tomatoes. Further studies on the effects of both plant extracts on the nutritive values of tomatoes can

be recommended.
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