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FOOD SCIENCE & TECHNOLOGY | RESEARCH ARTICLE

Effect of leaf extract of Lantana camara with 
Maize-based coating on the quality of fresh-cut 
fruits of Ananas comosus and Musa acuminata
Adedotun Adekunle1, Oluwagbenga Adeogun1* and Yewande Josephine Olorunsuyi1

Abstract:  Fresh-cut fruits of Ananas comosus (pineapple) and Musa acuminata 
(banana) have a relatively short shelf-life hence the need to enhance their quality. 
Preservation effect of ethanolic extract of leaf of Lantana camara (10%w/

v) incor-
porated with maize-based edible coating on fresh-cut fruits of banana and pine-
apple were determined. To achieve the objective of this study, the pH, total 
carotenoid content, ascorbic acid, total phenolic content, fungal load, antioxidant 
activity, total soluble solids, and browning potential of coated fruits at ambient 
temperature (PEC); untreated fruits (NTS), sodium benzoates (BSB) at ambient 
temperature and a coated sample (PEC@4) at 4°C were analysed at intervals for 
15 days. The quantitative phytochemical constituents of the extracts were assayed. 
The phytochemical analysis of the extract shows high yields of tannins, flavonoids, 
anthraquinones, and low yields of alkaloids and cardiac glycosides. The quality 
assessment of the test fresh-cut fruits revealed that there was higher preservation 
activity in PEC@4 of banana and pineapple, followed by a considerable efficacy of 
PEC of banana and pineapple. This study shows the great potential of the extract of 
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L. camara for the preservation of Ananas comosus and Musa acuminata, with 
incorporation of maize-based coating as the carrier of its functional property.

Subjects: Mycology; Food Additives & Ingredients; Food Chemistry  

Keywords: Banana; Pineapple; Edible coat; Food spoilage; Lantana camara; Maize

1. Introduction
Fruits are a significant source of essential nutrients for human development. They are reliable sources 
of vitamin C, folate, β-carotene, potassium, iron, zinc, and calcium (Slavin & Lloyd, 2012). Fruits can be 
minimally processed; thus, there is an alteration in their original form, but still maintain their current 
state (Garrett, 2002). The altered fruits are categorised as fresh-cut, and their quality is determined by 
the consumers based on the combination of different characteristics (Garrett, 2002). The quality of 
the fruits could be traced to the visual appearance, nutritional value, flavour and texture (Mahajan 
et al., 2014). The deterioration in the quality of fresh-cut fruits depends on the handling procedures, 
conditions, and time between harvest and preparation; cultivar, preharvest cultural practices, climatic 
conditions, maturity at harvest, and harvesting methods (Kader, 2002).

The deterioration in the quality of fresh-cut fruits could also be linked to the contribution of 
microorganisms, and this can be attributed to poor postharvest handling; therefore, there is a need 
for stringent activities to maintain the quality of the fruits (Mahajan et al., 2014). Moreover, the 
demand for safe and quality fruits such as pineapple and banana becomes necessary to alleviate 
consumers’ worries due to the susceptibility of the fruits to microbial attack, which might result in 
postharvest losses and foodborne diseases (Mahajan et al., 2014).

Banana and pineapple are tropical fruits that can be commercialised as ready-to-eat products 
due to their sensorial appeasement (Sánchez-Burgos & De Lourdes García-magaña, 2017). They 
have a short shelf life, which makes longer preservation and marketing difficult. Pineapple (Ananas 
comosus) is native to Central and South America. The total production of pineapple worldwide is 
around 16 to 19 million tonnes. It contains water, sugars, vitamins A and C, β-carotene. It has 
a low amount of protein, fat, ash, fibre, and antioxidants (Antoniolli et al., 2012). Pineapple belongs 
to Bromeliaceae family; it is a non-climacteric, parthenocarpic, multiple fruits often called syncarp 
or sorosus. It is an herbaceous perennial plant, 0.75–1.5 m tall, with a spread of 0.9–1.2 m. It has 
a very short, stout stem, and a rosette of waxy, straplike, long-pointed green or red-striped leaves 
(Hossain & Bepary, 2015).

Banana (Musa acuminata) is a climacteric fruit with wide acceptance as economically viable fruit. 
It is considered a good source of nutrients, including phenols, flavonoids, and antioxidants proper-
ties (Youryon & Supapvanich, 2017). It is immensely appreciated because of the convenience of 
easy peeling off of its skin before eating. Banana belongs to the Musaceae family and native to 
South Asia; it is an herbaceous flowering plant that develops in a large hanging cluster, made of 
tiers, and it is usually packed in chunks of 20 mm long (Featherstone, 2015).

The susceptibility of banana and pineapple fruits to contaminants and diseases during post-
harvest management process, coupled with peeling, cutting, or slicing, reduces the shelf life and 
creates an avenue for extensive losses of the fruits (Radi et al., 2017). The need to control the 
losses of fruits to postharvest activities has been widely investigated with the use of synthetic 
preservatives and antimicrobial agents for the inhibition of the activities of microorganisms. The 
keen interest in natural antimicrobials over synthetic preservatives is because of the safety 
concern of consumers towards fruit supplemented with synthetic preservatives, thus raised the 
apathy of the consumers towards fruits preserved with synthetic preservatives. It has been 
documented that synthetic preservatives are hazardous to humans, causing diseases associated 
with hypersensitivity, asthma, and cancer (Bondi et al., 2017).
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The consumer’s reservation towards synthetic preservatives and the environmental drawbacks 
associated with the use of non-biodegradable and non-renewable packaging materials for food 
preservation necessitated the need for biodegradable food materials such as edible coating, which 
are environmentally friendly and from natural sources. Edible coating is a thin layer biodegradable 
material with the thickness that is generally less than 0.3 mm, and it is used to enrobe food 
product to replace or fortify the natural layers and could be consumed as a part of the product or 
with further removal (Trinetta et al., 2006; Senturk Parreidt et al., 2018). They assist with the 
protection of the fruits against moisture loss, solute exchange, gas exchange, respiration, and 
oxidative reactions (Aloui & Khwaldia, 2016; Dhall, 2013).

The use of some polysaccharides that include chitosan, cassava starch, basil-seed gum, and 
gum acacia, for coating formulations has been widely accepted because of their safety and their 
ability to carry natural antimicrobials such as essential oil and plant extract as part of the 
packaging materials (Elsabee & Abdou, 2013; Hashemi et al., 2017; Homez-Jara et al., 2018). The 
incorporation of active compounds with these edible coatings allows the active packaging to 
improve the nutritional and quality of the food, without destroying the integrity of the fruits 
(Senturk Parreidt et al., 2018). However, the application of natural antimicrobial without incorpora-
tion encourages the rapid diffusion of bioactive compounds into the tissue of the fruits, and this 
neutralizes the efficacy of the natural antimicrobial (Aloui & Khwaldia, 2016).

Natural antimicrobials are readily sourced from medicinal spices, herbs, leaves, seed extracts, 
and essential oils. They have gained acceptance because of the presence of the secondary 
metabolites, which are the source of antimicrobial activities against foodborne organisms 
(Arshad & Batool, 2017). Extracts from plants that include Lantana camara have been documented 
to have inhibitory effects on food pathogens such as Aspergillus niger, Aspergillus flavus, Culvularia 
lanata, Alternaria alternata and Fusarium oxysporium (Saraf et al., 2011).

Lantana camara (Verbanaceae) is an underutilized, medium-sized perennial aromatic shrub that is 
native to Central and South America. It has been acknowledged to have antimicrobial activities on 
microorganisms responsible for spoilage of foods (Deena & Thoppil, 2000; Saini et al., 2017). Bashir 
et al. (2019) alluded to the presence of saponins, tannins, phlobatannins, flavonoids, terpenoids, and 
steroids as phytochemical constituents responsible for the antifungal activity of the leaf extract of 
Lantana camara on anthracnose disease of fruits, caused by Colletotrichum gloeosporioides.

A preliminary study conducted by the authors during the course of this research revealed that 
maize-based coating alone did not show any antifungal effect on pathogens associated with fruit; 
the coating did not inhibit the growth of the pathogens such as Aspergillus niger, Rhizopus 
stolonifer, and Penicillum digitatum. This is contrary to the opinion established by Ghosh et al. 
(2015) that maize-based coating had preservation effect on Citrus limon fruit. However, there were 
inhibitory effects of the ethanolic extract of the leaf of Lantana camara on the pathogens.

This informed the aim of this study to determine the effect of the ethanolic extract of the leaf of 
Lantana camara, incorporated with maize-based edible coating on the quality of fresh-cut fruits of 
banana and pineapple.

2. Materials and methods

2.1. Source of test samples
Fresh fruits of Musa acuminata and Ananas comosus were harvested from a local farm in Ogun 
state. The fresh Lantana camara leaves were picked from a growing Lantana camara plant along 
the University of Lagos second gate area, Lagos state. The test fruits and leaves were identified 
and authenticated at the Lagos University Herbarium (LUH), University of Lagos, Akoka. The 
uniformity, maturity index determined by dry matter content (pineapple: 19.3% and banana: 
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16.35%), size, and symptomless attributes of the fruits were taken into consideration before the 
selection of the fruits (Tesfay et al., 2017).

2.2. Preparation of extract from leaf of lantana camara
The harvested leaves of Lantana camara were rinsed with distilled water and shade-dried until 
they were properly dried. The leaves were later ground with the use of pulverising machine to 
a powdered form of sizes that 100 mm sieve can accommodate. Two hundred grams of the 
powdered form of the leaves of the test plant were weighed and soaked in 500 mL of ethanol in 
a tightly sealed jar and allowed for agitation on a shaker for 72 hours. The extracts were filtered 
with a Whatman, No.1 filter paper and further sieved with a muslin cloth. The filtrate was 
concentrated to dryness with the use of rotary evaporator. The extracts were kept at 4°C in 
a refrigerator before use (Ebabhi et al., 2019). Ethanol was selected as the solvent for the 
extraction of L. camara because of the documented evidence in literature about its safety for 
human consumption, ability to elute most polar compounds, and its solubility capacity for some 
non-polar compounds (Do et al., 2014).

2.3. Preparation of maize flour
Maize seeds were obtained from a local market in Ota, Ogun state. The seeds were rinsed 
with 70% ethanol for 60 secs to ward off opportunistic microorganisms before transferring 
into distilled water for 4 min and subsequently soaked in distilled water for 15 mins to 
allow for the de-hulling of the seeds. The de-hulled maize was pulverised into flour, with 
attrition grinding miller to a size range that can pass through 250 μm opening (Adeyeye 
et al., 2017).

2.4. Preparation of fresh cut fruits of ananas comosus and musa acuminata
The fruits were surface-sterilised with 70% ethanol solution for 1 min and, consequently, washed 
with distilled water. After washing, they were diced into 2-cm cubes and later sterilised with 70% 
ethanol for 2 mins and rinsed with water afterwards (Breda et al., 2017). The fruits were left under 
the laminar flow cabinet for 3 hours.

2.5. Preparation of maize-based coating and plant extract
Five grams of the maize flour were dissolved in 95 mL of distilled water and equilibrated at 70°C 
for 25 mins and stirred vigorously with the aid of a magnetic stirrer on a hot plate. Subsequently, 
2 ml of glycerol were added as a plasticiser to improve the coating mechanical properties, and 
10% (w/v) of Lantana camara extract was added. The resulting solution was homogenised for 
5 min.

2.6. Coating treatments
The diced fruits were immersed separately in coated solution; sodium benzoates solution, and 
distilled water, respectively, for 2 min and dried at ambient temperature (26°C±2) in a laminar flow 
cabinet for 2 hours. The coated fruits (PEC), fresh-cut fruits treated with Sodium benzoates (BSB), 
and fresh-cut fruits washed with distilled water (NTS) were stored at ambient temperature (26°C 
±2), and another set of fresh-cut fruits (PEC@4) were stored at 4°C.

2.7. Evaluation of quality and shelf life of coated fresh-cut fruits of Ananas comosus and 
Musa acuminata
The quality of the coated fresh-cut fruits (PEC and PEC@4), as well as the fresh-cut fruits without 
the coat (BSB and NTS), were determined at intervals of days 0, 3, 9, 12, and 15. The test samples 
were analysed with the following parametres:

2.7.1. Total soluble solids (%Brix)
The total soluble solids (TSS) of the samples were measured with a handheld refractometer at 20° 
C. The refractive index was recorded and expressed as % Brix (Martín-Diana et al., 2009).
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2.7.2. 2.7.2. pH measurement
The pH of the test sample was determined with a pH metre placed in 20 mL of the test sample and was 
constantly agitated at ambient temperature. The reading was expressed with the negative logarithm of 
the hydrogen ion concentration in the test sample solution (Martín-Diana et al., 2009).

2.7.3. Antioxidant capacity (ferric reducing antioxidant power)
The antioxidant capacity of each test sample was determined as described by the method adopted by 
Rajurkar and Hande (2011), with reduction of Fe3+ TPTZ complex, which was colourless to complex Fe2+- 
tripyridyltriazine, with blue colour. This was formed due to the electron donation of the antioxidants at 
low pH. The test samples were mixed with 2.7 mL of freshly prepared FRAP reagent (2,4,6-Tripyridyl- 
S-triazine, FeCl3, acetate buffer). The reaction was measured with the use of spectrophometre at an 
absorbance of 595 nm after 30 mins of incubation at 37°C in the dark. Trolox was used as the standard to 
generate the calibration curve, and the antioxidant capacity was expressed in mgTE/100 g.

2.7.4. Total phenolic content (TPC)
A prepared solution of Folin-Ciocalteu reagent (1.8 mL) was added to 40 µL aliquot of the 
extract of diluted test fresh-cut fruits based on modifications to the method adopted by 
Złotek et al. (2016) and Ebabhi et al. (2019). The solution was equilibrated at 25°C for 5 min 
before 1.2 mL of 7.5 g/100 mL Na2CO3 solution was added to the test solution. The solution 
obtained was vigorously stirred and allowed to stay for 1 hour in a test tube at 25°C. The 
resultant solution was read on a spectrophotometre at 765 nm. The total phenolic content 
was calculated using a standard curve of Gallic acid generated from different concentrations 
of gallic acid and expressed as mg of gallic acid equivalents (mg GAE/100 g).

2.7.5. Ascorbic acid content (AA)
2, 6- dichlorophenolindophenol titrimetric method was used to determine the ascorbic acid con-
tent of the test fresh-cut fruits (20 g) of Ananas comosus and Musa acuminata (Martín-Diana et al., 
2009). The results were expressed as mg/100 g Fresh Weight (FW).

2.7.6. Browning potential (BP)
The test fruit samples were treated with ethanol for 60 minutes and then centrifuged at 4830rpm 
(10°C) for 10 mins. The supernatant was retained and diluted with a further amount of ethanol to 
raise the volume of the aliquot to 25 mL. The absorbance of the aliquot was read with 
a spectrophotometre at 320 nm, and the results were expressed as absorbance units 
(Martín-Diana et al., 2009).

2.7.7. Total carotenoid content (TCC)
The method described by Rodriguez-Amaya (2001) was adopted, with slight modifications for 
the determination of carotenoid content. Four grams of the test sample was dissolved with 10 
millilitres of cold pure acetone and homogenised until it was apparent that the residue had 
become colourless. The homogenate was filtered with the aid of a vacuum pump with inserted 
Whatman 1 filter papers. The filtered homogenate was mixed with 10 mL of petroleum ether, 
and the residue obtained was rinsed with distilled water several times to remove acetone. The 
residue was later allowed to pass through a test tube containing anhydrous sodium sulfate; the 
test tube was shaken to obtain a homogenous solution and allowed to settle for 10 mins. The 
solution had two layers, and the upper layer in the tube was poured into a separate tube 
before analysis. The sample was analysed for carotenoid content using a spectrophotometer 
(435 nm), and petroleum ether used as a blank sample. The total carotenoid content was 
expressed as mg/g.

2.7.8. Fungal loads
The fungal loads were determined with a little adjustment to the method described by Adeogun 
et al. (2017). The test samples were dissolved in sterilised distilled water and homogenised for 60 
secs. The homogenate was spread on a Petri dish with prepared potato dextrose agar and 
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incubated for 48 hours. The isolated fungi were teased into a test tube with distilled water, 
homogenised and 10-fold serial diluted with distilled water. A drop of the diluted homogenate 
was pipetted on the ruled area of a clean Neubauer counting chamber. A coverslip was used to 
cover the chamber, and this allowed the cells to run underneath by capillary action. The cell was 
allowed to stand for about 10 mins for the viable cells to move to the same focal plane as much as 
possible. The fungal spores in all grids were counted with the aid of a microscope. The viable cell 
count was calculated thus:

Viable cells/ml = Number of cells in the total grid x dilution factor x 104

2.7.9. Weight loss
The weight of each test sample was determined with an analytical weighing balance. The weight 
was taken for each test fruit and expressed as a percentage loss of the original weight.

2.8. Quantitative phytochemical analysis of leaf extracts of lantana camara
The quantitative phytochemical determination of the ethanol extracts of the leaf of L. camara was 
analysed with the use of standard methods described by Trease & Evans (2009) and methods 
adopted by O. Adeogun et al. (2016).

2.9. Data analysis
The data obtained were subjected to analysis of variance (ANOVA), with the pairs of the mean of the test 
samples distinguished with Tukey’s Honest Significant Difference test at 5% significance level. The 
software package used was the Statistical Package for the Social Sciences (SPSS) tool, version 23.

3. Results and discussion

3.1. Quality assessment of the fresh-cut fruits of ananas comosus and musa acuminata

3.1.1. Total soluble solid
The effect of PEC and PEC@4 and the corresponding effect of BSB and NTS on total soluble solid 
contents of fresh-cut fruits of banana and pineapple for 15 days are depicted in Figure 1a and 1b. 
For both test-fruits, there was a significant influence (P < 0.05) of the coating treatment on the TSS 
contents of the test fresh-cut fruits during storage. Figure 1a shows a gradual increase in the TSS 
contents of fresh-cut fruits of banana during storage, while Figure 1b shows the plodding increase 
of the TSS content of fresh-cut fruits of pineapple for 15 days storage. There was a more significant 
increase (P < 0.05) in TSS contents of NTS of banana (Day 16.67 ± 0.33 Brix; Day 15: 26.00 ± 0.58 

Figure 1. TSS content of coated 
and non-coated fresh-cut fruits 
of banana and pineapple stored 
for 15 days.
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Brix) and Pineapples (Day 0: 12.33 ± 0.33 Brix; Day 15:19.33 ± 0.33 Brix) compared to the TSS 
contents of PEC (Day 0: 16.33 ± 0.33 Brix, Day 15: 18.67 ± 0.33 Brix) and pineapple (Day 0: 
12.33 ± 0.33 Brix, Day 15: 14.66 ± 0.33 Brix), which had the least TSS contents increase among 
the test fruits. Figure 1a and 1b also show that the TSS contents were higher (P < 0.05) in PEC: 
banana (Day 16.00 ± 0.00 00 ± 0.00 Brix; Day 15: 19.67.00 ± 0.33 Brix) and pineapple (Day 
12.33 ± 0.33 33 ± 0.33 Brix; Day 15: 16.67 ± 0.33 Brix), compared to the TSS contents of PEC@4. 
The disparity in the activities of PEC and PEC@4 could be ascribed to more retention of quality of 
fruit sample at a lower temperature (Maftoonazad & Ramaswamy, 2019).

The higher response of NTS of banana and pineapple could be traced to higher hydrolysis in NTS; 
the lack of semi-permeable barrier on the surface of NTS increased the hydrolysis of complex 
carbohydrates in the fruits (Gol & Ramana Rao, 2011). The retention effect in PEC and PEC@4 could 
be due to the functionality of the semi-permeability of the coating with bioactive compounds, 
which assisted with the moderation of the metabolic activities in the fruits and, consequently, 
delayed the increase of TSS contents of the coated fresh-cut fruit (Gol & Ramana Rao, 2011). 
A similar progressional pattern coupled with delayed increase in TSS content during storage was 
reported by Márquez Cardozo et al. (2015) when cassava-starch coatings were applied with 
ascorbic acidic and N-acetylcysteine on Musa paradisiaca.

3.1.2. pH
The increase in the pH values of PEC, PEC@4, BSB, and NTS of banana and pineapple, which was 
influenced by the period of storage, is shown in Figure 2a and 2b, respectively. There were 

Figure 2. pH values of coated 
and non-coated fresh-cut fruits 
of banana and pineapple stored 
for 15 days.

Figure 3. Antioxidant capacity 
of coated and non-coated 
fresh-cut fruits of banana and 
pineapple stored for 15 days.
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significantly higher pH values (P < 0.05) for NTS of banana (Day 0: 4.68 ± 0.02; Day 15: 5.32 ± 0.03) 
as depicted in Figure 2a and pineapple (Day 3.71 ± 0.01; Day 15: 5.13 ± 0.04) as shown in Figure 2b, 
during storage for 15 days. Figure 2a shows that there were lower pH values for PEC (Day 0: 
4.83 ± 0.01; Day 15: 5.11 ± 0.06) and PEC@4 (Day 0: 4.84 ± 0.003; Day 15: 5.08 ± 0.006). It was 
observed in Figure 2b that the pH values of coated fresh-cut of pineapple (PEC: Day 0: 3.63 ± 0.05; 
Day 15: 4.23 ± 0.02, PEC@4: Day 0: 3.77 ± 0.03; Day 15: 4.10 ± 0.02) were also lower compared to 
BSB and NTS.

The changes in structural, physiological, and biochemical compositions of the stored fruits 
during storage was as a result of an accumulation of dry matter content and depolymerisation 
due to membrane leakage, which might be responsible for the changes in acidity (Ullah et al., 
2017). The presence of maize-based protective membranes, enhanced with the extract on the 
fruits, assisted in reducing the leakages of the cellular membrane, and this contributed to lower 
acidity in coated fresh-cut fruits of banana and pineapple during storage for 15 days. The extract 
might have ionized the undissociated acid molecule, thereby inhibiting pH reduction of the 
pathogenic fungi. This led to an increase in proton concentration for the disruption of the substrate 
transport by alteration of cell membrane permeability, which delayed the increase in the pH of the 
PEC and PEC@4, compared to NTS (Davidson, 2012). A similar result showing the delay in pH of 
tomatoes enhanced with corn-based edible coating and plant extracts was reported by Fufa et al. 
(2019).

Figure 4. Total phenolic content 
of coated and non-coated 
fresh-cut fruits of banana and 
pineapple stored for 15 days.

Figure 5. Ascorbic acid content 
of coated and non-coated 
fresh-cut fruits of banana and 
pineapple stored for 15 days.
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3.1.3. Antioxidant capacity (ferric reducing antioxidant power)
PEC and PEC@4 reflected a positive response to the antioxidant capacity of both the fresh-cut fruits of 
banana (Figure 3a) and pineapple (Figure 3b) compared to NTS and BSB of banana and pineapple; this is 
more evident with PEC@4. There was an increase (P < 0.05) in the antioxidant activity of banana fruits 
from Day 0 to Day 9 across all treatments; this increase was also noticed with PEC and PEC@4 of 
pineapple fruits, but at Day 0 to Day 3. The increase in the antioxidant capacity of the test fruits in 
response to early-stage of storage could be associated with the accumulation of phenolic compounds 
caused by the induction of the phenylpropanoid metabolism (Moreira et al., 2015).

Moreover, there was subsequent significant (P < 0.05) reduction in NTS of banana (Day 12: 
24.34 ± 0.05 mgTE/100 g; Day 15: 19.60 ± 0.25 mgTE/100 g) and pineapple (Day 9: 22.33 ± 0.88 
mgTE/100 g; Day 15: 16.33 ± 0.33 mgTE/100 g) compared to PEC@4 of banana (Day 12: 
31.17 ± 0.08 mgTE/100 g; Day 15: 31.96 ± 0.36 mgTE/100 g) and pineapple (Day 9: 
28.00 ± 0.00 mgTE/100 g; Day 15: 22.00 ± 0.58 mgTE/100 g), which showed more retention of 
the antioxidant capacity of the test fruits. The subsequent reduction thereof of the antioxidant 
capacity of the test fruits could be attributed to an increase in the oxidative reactions and 
alteration of phenylpropanoid metabolic activities (Salinas-Roca et al., 2018).

3.1.4. Total phenolic content
The defensive response of fruits to injury has been acknowledged to have been initiated through 
the help of secondary metabolites such as phenolic compounds. They are necessary for the 

Figure 6. Browning potential of 
coated and non-coated fresh- 
cut fruits of banana and pine-
apple stored for 15 days.

Figure 7. Total carotenoid con-
tent of coated and non-coated 
fresh-cut fruits of banana and 
pineapple stored for 15 days.
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development of fruits and vegetables and are produced as a response to environmental factors 
such as chilling (López-Palestina et al., 2018). In Figure 4a (banana) and 4b (pineapple), the PEC 
and PEC@4 of banana and pineapple had significant effect (P < 0.05) on the total phenolic content 
of fresh-cut fruits of banana and pineapple compared to NTS of banana (Day 0: 78.60 ± 0.25 
GAEmg/100 g; Day 15: 26.98 ± 0.33 GAEmg/100 g) and pineapple (Day 0: 64.03 ± 0.30 GAEmg/ 
100 g; Day 15: 38.52 ± 0.58 GAEmg/100 g). The variation in TPC activity in PEC, PEC@4, BSB, and NTS 
of banana and pineapple could be linked to the enzymatic inactivation of the phenylalanine lyase 
(PAL), which is highly essential for the production and accumulation of phenolic compounds in 
fruits (Davilla-Avina et al., 2014). The presence of the extract incorporated with maize-based 
coating might have assisted in lowering the activeness of the enzymes and thus caused gradual 
inactivation of PAL in the fresh-cut fruits of banana and pineapple.

The variation in the TPC contents of PEC of banana (Day 0: 82.04 ± 0.31 GAEmg/100 g; Day 15: 
42.98 ± 0.27 GAEmg/100 g) and pineapple (Day 0: 62.83 ± 0.36 GAEmg/100 g; Day 15: 47.64 ± 0.71 
GAEmg/100 g) to the TPC content of PEC@4 of banana (Day 0: 82.32 ± 0.03 GAEmg/100 g; Day 15: 
52.14 ± 0.41 GAEmg/100 g) and pineapple (Day 0: 62.79 ± 0.34 GAEmg/100 g; Day 15: 49.75 ± 0.70 
GAEmg/100 g) as depicted in Figure 4a and 4b showed a higher TPC content at PEC@4 because of 
the low storage temperature (4°C). Previous related studies have shown that loss of phenolic 
compounds could be reduced with the application of coating materials when incorporated with 
antimicrobial agents; this was observed with reports on fruits of Garambullo, tomatoes and sweet 
cherries (Davilla-Avina et al., 2014; López-Palestina et al., 2018; Zam, 2019).

Figure 8. Fungal load of coated 
and non-coated fresh-cut fruits 
of banana and pineapple stored 
for 15 days.

Figure 9. Weight loss of coated 
and non-coated fresh-cut fruits 
of banana and pineapple stored 
for 15 days.
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3.1.5. Ascorbic acid content
The ascorbic acid contents of fresh-cut fruits of banana and pineapple are illustrated in Figure 5a 
and 5b, respectively. Significant differences (P < 0.05) between PEC, PEC@4, BSB, and NTB of 
banana and pineapple were observed for 15-day storage period. There was a drastic reduction in 
the ascorbic content of NTS of banana (Day 0: 21.50 ± 0.32 mg/100 g; Day 15: 6.47 ± 0.14 mg/ 
100 g) and pineapple (Day 0: 28.11 ± 0.24 mg/100 g; Day 15: 14.91 ± 0.34 mg/100 g) compared to 
PSB@4 of banana (Day 0: 22.52 ± 0.37 mg/100 g; Day 15: 16.63 ± 0.31 mg/100 g) and pineapple 
(Day 0: 28.81 ± 0.33 mg/100 g; Day 15: 19.71 ± 0.29 mg/100 g) that had minimal reduction after 
a storage period of 15 days. It is also apparent in Figure 5a and 5b that PEC@4 provided more 
extended protection for the ascorbic contents, in contrast to PEC of banana (Day 0: 
22.47 ± 0.37 mg/100 g; Day 15: 15.05 ± 0.45 mg/100 g) and pineapple (Day 0: 28.75 ± 0.25 mg/ 
100 g; Day 15: 17.92 ± 0.33 mg/100 g).

The reduction in ascorbic acid contents of the test fresh-cut fruits could be attributed to the 
stress during the postharvest processing, i.e., slicing and peeling, thereby causing losses of ascorbic 
acid content (Bierhals et al., 2011). Ascorbic acid is highly responsive to enzymatic oxidation, it is 
easily degraded in the presence of light, temperature, and when subjected to oxygen concentra-
tion (López-Palestina et al., 2018). The low concentration of oxygen due to the moderation of its 
exchange by the presence of the semi-permeable membrane enhanced with the leaf extract, on 
the surface of PEC and PEC@4 of banana and pineapple could have assisted in retaining the 
ascorbic acid in PEC and PEC@4 compared to NTS and BSB of banana and pineapple. A similar 
position has been reported by Nawab et al. (2017) with a moderate decline in ascorbic acid 
contents of tomato fruits treated with mango kernel-starch.

3.1.6. Browning potential
The significant increase (P < 0.05) in browning potential of fresh-cut fruits of banana and pineapple 
with regard to storage time are depicted in Figure 6a and 6b respectively. The more pronounced 
increase (P < 0.05) in BP was observed with NTS of banana (Day 0: 0.24 ± 0.0.001AU; Day 15: 
0.32 ± 0.001AU) and pineapple (Day 0: 0.23 ± 0.023AU; Day 15: 0.36 ± 0.002AU) compared to PEC 
of banana (Day 0: 0.28 ± 0.0.003AU; Day 15: 0.30 ± 0.008AU) and pineapple (Day 0: 
0.25 ± 0.0.003AU; Day 15: 0.31 ± 0.002AU), with a lower response of BP to storage time. The 
lowest response in BP was noted with PEC@4 of banana (Day 0: 0.27 ± 0.0.001 AU; Day 15: 
0.29 ± 0.001AU) and pineapple (Day 0: 0.25 ± 0.0.001AU; Day 15: 0.29 ± 0.001AU).

Chiabrando and Giacalone (2016) established that the polyphenol oxidase is the primary enzyme 
responsible for browning reactions. This enzyme aids the hydroxylation of monophenols to 
o-diphenols and the oxidation of the o-diphenols to their equivalent o-quinones (Chiabrando and 
Giacalone (2016). The low response of PEC and PEC@4 of banana and pineapple to browning could 
be linked to the inhibitory potential of maize-based coating incorporated with leaf extract of 
Lantana camara on polyphenol oxidase enzymatic activity (Ozdemir & Gokmen, 2017).

Table 1. Quantitative yield of the phytochemical constituents of the ethanolic extract of Leaf 
of Lantana camara
S/No Phytochemical constituents Quantitative yield (mg/100 g)
1. Flavonoids 24.23 ± 0.68

2. Tannins 21.79 ± 0.56

3. Alkaloids 13.24 ± 0.42

4. Cardiac Glycosides 11.28 ± 0.28

5. Anthraquinone 16.49 ± 0.46
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3.1.7. Total carotenoid content
The effect of maize-based coating incorporated with leaf extract of L. camara on carotenoid 
content of fresh-cut fruits of banana and pineapple in response to storage are shown in Figure 
7a and 7b, respectively. Generally, it is expected that carotenoid content should decrease with 
time; it is photo and heat-sensitive (Santoro et al., 2018). There was a rapid reduction (P < 0.05) of 
carotenoid contents with NTS of banana (Day 0: 0.003 ± 0.00 mg/g; Day 15: 0.14 ± 0.00 mg/g) and 
pineapple (Day 0: 0.06 ± 0.001 mg/g; Day 15: 0.004 ± 0.00 mg/g) compared to gradual decrease in 
PEC@4 of banana (Day 0: 0.003 ± 0.00 mg/g; Day 15: 0.004 ± 0.00 mg/g) and pineapple (Day 0: 
0.062 ± 0.001 mg/g; Day 15: 0.005 ± 0.001 mg/g). The rate of reduction in PEC@4 of banana and 
pineapple was lower because of the storage condition at 4°C; this is at variance with the carotenoid 
contents of PEC of banana (Day 0: 0.0032 ± 0.00 mg/g; Day 15: 0.002 ± 0.00 mg/g) and pineapple 
(Day 0: 0.061 ± 0.001 mg/g; Day 15: 0.004 ± 0.001 mg/g), which expressed higher reduction 
compared to PEC@4.

The variance in the carotenoid contents of NTS of banana and pineapple could be due to the 
ability of the extract incorporated with maize-based coatings in delaying the synthesis of carote-
noids (Ullah et al., 2017). This study corresponds with the report of Rahimi et al. (2019) that 
reported the positive effect of edible coating with natural antimicrobials on the degradation of 
carotenoid content of fruits.

3.1.8. Fungal load
Figure 8a and Figure 8b showed the fungal loads of PEC, PEC@4, BSB, and NTS of banana and 
pineapple stored for 15 days, respectively. There was a significant (P < 0.05) increase in all 
treatments; this is expected because of the surface area of fresh-cut fruits. The surface environ-
ment is quite conducive for the growth of fungi due to the presence of nutrients and moisture that 
covers the surface of the fruits.

The fungal loads of NTS of banana (Day 0: 1.36 ± 0.0.02 CFUml−1x106, Day 15: 2.16 ± 0.01 
CFUml−1x106) and pineapple (Day 0: 1.28 ± 0.0.003 CFUml−1; Day 15: 1.54 ± 0.01 CFUml−1x106) had 
significant higher increase in fungal loads (P < 0.05) compared to the PEC@4 of banana (Day 0: 
1.33 ± 0.0.01 CFUml−1 x106, Day 15: 1.93 ± 0.01 CFUml−1x106) and pineapple (Day 0: 1.27 ± 0.001 
CFUml−1x106, Day 15: 1.37 ± 0.01 CFUml−1x106); likewise the PEC of banana (Day 0: 1.33 ± 0.0.01 
CFUml−1x106, Day 15: 1.74 ± 0.01 CFUml−1x106) and pineapple (Day 0: 1.28 ± 0.001 CFUml−1x106, 
Day 15: 1.42 ± 0.01 CFUml−1x106). The variation in the fungal loads of PEC@4 and PEC has been 
established by Erkmen and Bozoglu (2016) that the lower the temperature, the slower the enzy-
matic activity, chemical reactions, and microbial growth.

The leaf extract of L. camara enhanced with semi-permeable membrane influenced the anti-
fungal potential of PEC@4 and PEC, and this might have contributed to the low fungal loads after 
15 days of storage. Singh and Srivastava (2012), Fayaz et al. (2017), and Musyimi et al. (2017) have 
established the antifungal activity of leaf extract of Lantana camara against fruit spoilage fungi 
that includes Alternaria alternata, Aspergillus flavus, Aspergillus niger, and Penicillium sp. Bashir 
et al. (2019) documented that the ethanolic extract of L. camara inhibited the growth of the 
Colletotrichum gloeosporioides, which might be responsible for anthracnose disease in fruits such 
as banana and pineapple.

3.1.9. Weight loss
The significant differences (P < 0.05) in weight loss with respect to time of storage were 
observed with PEC and PEC@4 of banana (Figure 9a) and pineapple (Figure 9b) compared to 
NTS and BSB of banana and pineapple. NTS of banana (Day 0: 0; Day 15: 6.42 ± 0.03%) and 
pineapple (Day 15: 4.31 ± 0.02%) had greater (P < 0.05) weight loss compared to PEC and 
PEC@4 of banana and pineapple. Metabolic activities with respect to transpiration and 
respiration are associated with water loss, and this greatly influenced higher weight loss in 
NTS because of lack of water vapour barrier properties, which is associated with PEC and 
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PEC@4 of banana and pineapple (Lopoz-Palestina, et al., 2018). The presence of semi- 
permeable membrane through the maize-based coating, enhanced with the leaf extract of 
L. camara assisted with lower weight loss and retention of moisture content in PEC and 
PEC@4 of banana and pineapple. However, there was a variance in the response of PEC@4 
of banana (Day 0: 0; Day 15: 2.79 ± 0.01%) and pineapple (Day 0: 0; Day 15: 2.16 ± 0.02%) 
and PEC of banana (Day 0: 0; Day 15: 2.51 ± 0.01%) and pineapple (Day 0: 0; Day 15: 
2.55 ± 0.02%) to storage temperature. The lower response of the

PEC@4 is due to the storage of the fruit at low temperature, which has been acknowledged to have 
higher quality retention of fruits and vegetables in contrast to a higher temperature (Affan et al., 
2018). A similar delay in weight loss as a result of physical barrier against moisture loss and reduced 
transpiration rate due to the activities of edible coatings with antimicrobial agents has been reported 
by several literature (Ali et al., 2016; Radi et al., 2017; Zam, 2019).

3.2. Quantitative phytochemical analysis of the leaf extract of lantana camara
The quantitative phytochemical compounds present in the leaf extract of Lantana camara are 
depicted in Table 1. The table shows the yield of the phytoconstituents present in the ethanolic 
extract of the leaf of L. camara. Flavonoids had the highest composition (24.23 ± 0.68 mg/ 
100 g) and cardiac glycosides (11.28 ± 0.28 mg/100 g) with the lowest composition in the 
assayed ethanolic extract of the leaf of Lantana camara. The constituents present in the test 
extracts are similar to what Bashir et al., 2019listed in their work and made mentioned the 
inhibitory effect of the extract on anthracnose disease caused by Colletotrichum gloeosporioides 
on some fruits.

Most of the phytoconstituents identified from the ethanolic extract of L. camara belong to 
the polyphenol group; polyphenols have been identified to be an important phytochemical 
that do contribute to the resistance of plants to microorganisms (El-Khateeb et al., 2013. 
Polyphenols help the plant to resist the growth of fungal pathogens through the altering of 
the enzymatic processes involved in energy production and structural component synthesis. 
This is achieved by impairing the permeability barrier of the cell membrane and altering 
nucleic acids synthesis of the pathogens (2013).

4. Conclusion
Edible coating incorporated with plant extracts has been widely explored for the preservation 
of fruits and vegetables. However, this study happened to be first to examine the use of 
ethanolic leaf extract of L. camara incorporated with maize-based coating for the enhance-
ment of shelf life of fresh-cut fruits of banana and pineapple. It further established the 
positive effect of the leaf extract with maize-based edible coating in enhancing the physico- 
chemical qualities of fresh-cut fruits of banana and pineapple, thereby delaying the response 
to quality deterioration. The influence of the L. camara extract incorporated with the maize- 
based coating could be ascribed to the presence of the polyphenol group of phytochemicals 
that include the flavonoids and tannins. These groups of phytochemicals can be further 
screened to determine the compounds responsible for the preservation activity. The study 
also observed that the fresh-cut fruits of banana and pineapple processed for storage with 
the extract, at ambient temperatures could be available for consumption more than the 
established shelf-life in the open market for non-treated fresh-cut fruits of banana and 
pineapple. However, the fresh-cuts of banana and pineapple will have a more prolonged 
shelf-life if stored at a lower temperature (4°C). The test materials used in this study for 
the preservation of fresh-cut fruits of banana, and pineapple are cheap and readily available; 
thus, their availability and application will promote more substantial income for the local 
vendors that are worried about the deterioration of their vend fresh-cut fruits due to fungal 
incursion.
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