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Abstract
An attempt has been made to evaluate antimicrobial, antioxidant and cytotoxicity properties of extracts from onion (Allium cepa L.), garlic (Allium sativum), leaves of guava (Psidium guajava), papaya
(Carica papaya), tea (Camellia sinensis), baen (Avicennia alba) and keora (Sonneratia apetala), respectively to apply as natural preservatives for tomatoes. The air-dried plant materials of the respective
plant species were subjected to ethanol-methanol extraction, concentrated and stored at 4o C before use.
The extracts were dissolved in 95% ethanol for analysis of antioxidant and antimicrobial properties.
Of the extracts tested, tea extracts showed the highest zone of inhibition against several pathogenic
bacteria (E. coli 35.0±3.2 mm; P. aeruginosa 29.3±2.6 mm; S. typhi 28.4±2.1 mm and S. pyogenes
27.7±3.7 mm) using the disc diffusion method. In regard to DPPH free radical scavenging assay, keora and guava extracts showed the highest percentage of radical scavenging activity with the values
of 89.64± 0.18 and 89.39± 0.88, respectively, which were in agreement with higher total antioxidant
capacity (TAC) of these extracts obtained by the phosphomolybdenum method. Brine shrimp lethality
bioassay for cytotoxicity assessment showed LC50 of 132.54 ± 18.99 µg/mL for the leaf extract of keora
which was found to be most toxic among all studied extracts. The initial results indicated that the
extracts could be used for food preservative applications based on the antimicrobial, antioxidant and
cytotoxicity properties of the tested extracts. However, efficacy, stability and safety issues need to be
addressed with both in vitro and in vivo studies.
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1

Introduction

Plants have been used for treating ailments and
different diseases since prehistoric times. Remnants from different civilizations still carry the
evidence of plant usage for different purposes
(Hintz, Matthews & Di, 2015). Mankind is utilising plant extracts and oils for thousands of
Copyright
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years for many purposes including food preservation and therapeutics (Hammer, Carson & Riley,
1999). Plant-based foods are prone to deteriorate at some rate after harvesting due to physical interventions, and chemical and microbial reactions (Nakanishi, Irie & Murata, 2018; Thielmann, Kohnen & Hauser, 2017), which lead to
loss of quality and shelf life reduction. Different
10.7455/ijfs/10.SI.2021.a8
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Nomenclature
FDA

Food and Drug Administration

BSA

Bovine Serum Albumin

AAE

Ascorbic Acid Equivalent

LC

Lethal Concentration

GAE

Gallic Acid Equivalent

DPPH 2,2-diphenyl-1-picrylhydrazyl

DMSO Dimethyl Sulfoxide

ZOI

types of methods such as freezing, smoking, heating, sun drying, irradiation and chemical treatments are in place alone or in combination for
preservation of foods. A global estimate for food
loss has revealed that 10% of cereal and 40%
of vegetables and fruits, including 75% of peas
and beans are lost during storage every year.
The estimate goes up if meat, poultry and fish
are considered (Kumar & Kalita, 2017). Therefore, loss during postharvest storage raises the
price of food, affecting its availability and access,
if proper control measures are not undertaken
(Hac-Wydro, Flasinski & Romanczuk, 2017). In
addition, it also increases the potential for food
contamination by food borne pathogens and insects. As a result, contaminated food leads to
an increased risk of human illnesses along with
a reduction in the nutritional quality of the food
(Sarkar & Shetty, 2014).
There are increasing consumer demands for less
use of synthetic additives in processed food
products. Although synthetic antimicrobials are
approved in many countries, the recent trend towards use of natural preservatives is due to the
adverse health effect of synthetic ones (Khan,
Ullah & Oh, 2016; King et al., 2017). Due
to inherent chemical diversity and the unique
classes of compounds produced by plants as
self-defence mechanisms against infectious organisms, plant based natural products, either as
pure compounds or standardized extracts, offer unlimited opportunities for control of microbial growth. In addition, the use of plant extracts in food applications has increased as several are generally recognized as safe (GRAS) by
the Food and Drug Administration (FDA). A
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Zone of Inhibition

variety of different compounds in plant extracts
possess antimicrobial activities, and several extracts have been shown to have antimicrobial
activity due to their phytochemical constituents
(Ma et al., 2018; Shiekh, Malik, Al-Thabaiti &
Shiekh, 2013). The antibacterial activity could
be attributed to the combined effects of adsorption by bacterial membranes of polyphenols, with
membrane disruption leading to leakage of cellular contents and the formation of hydroperoxides
from polyphenols. Plant extracts also exhibit antifungal, antioxidant and antimutagenic activities, and inhibit lipid oxidation in foods. Numerous in-vitro studies have been carried out to evaluate the antimicrobial activity of plant extracts
(Donsi & Ferrari, 2016). However, very little information is available for food products. Most of
the studies employed crude extracts and resulted in reduced inhibition when compared with
many of the pure compounds in foods. Dietary herbs and spices have traditional applications
as food additives to improve the sensory characteristics of foods and extend their shelf life by
reducing or eliminating survival of pathogenic
bacteria. These herbs and spice extracts usually possess antimicrobial activity against different bacteria, yeast and moulds as they are rich
in phenolic compounds (Dwivedy, Kumar, Upadhyay, Prakash & Dubey, 2016).
Apart from antimicrobial properties, the extracts
are shown to preserve foods by reducing lipid oxidation due to their significant antioxidant activity. Various phenolic substances derived from
herbs and spices are reported to show several biological activities which contribute to their preservative potential (Negi, 2012; Sumaiya, Jahurul &
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Zzaman, 2018). It has also been found that antioxidants may protect cell tissues from free radicals and thus have a role in the prevention of diseases like cancer (Djeridane et al., 2006). With
evolving health consciousness and increasing concerns regarding the use of synthetic antioxidants
to prevent oxidation reactions in food, the use of
safe plant-based antioxidants and antimicrobials
has drawn considerable interest and attention of
scientists and industrialists. This has resulted
in the use of plant based bioactive compounds
in food preservation (Thorat et al., 2013). Agricultural and horticultural produce, especially
plants and fruits which are rich in phenolic bioactive compounds, provide a mixture of phytochemicals with potential health benefits. These
bioactive phenolic compounds also can improve
storage quality and increase the shelf life of other
fruits, vegetables, legumes, grains and other food
products (Thielmann et al., 2017). The present
study was undertaken to determine and compare the potential of extracts of onion (Allium
cepa L.), garlic (Allium sativum), leaves of guava
(Psidium guajava), papaya (Carica papaya), tea
(Camellia sinensis), baen (Avicennia alba) and
keora (Sonneratia apetala), respectively as natural preservatives for tomatoes.

lic were peeled carefully, and the inner portion
was kept for further use. The samples were then
cut into small pieces, air dried for 24 h and subsequently dried in the oven for 24 h at 80 o C.
Dried samples were ground later into a coarse
powder (40-mesh) and placed in separate airtight
glass bottles. Powdered samples were stored in a
refrigerator at 4 o C until they were removed for
further processing.

2

2.3

2.1

Materials and Methods

2.2

Approximately 500 g of dried powdered sample
was placed in a 5 L round bottom flask and
soaked in 2.5 L of an ethanol (>99.5%)-methanol
(>95%) mixture (50% v/v basis). The flask containing the mixture was kept airtight, using a
cotton plug and aluminium foil, and magnetically
stirred at 500 rpm at room temperature for 20
h. The extract was filtered through a fresh cotton plug, followed by Whatman No.1 filter paper,
and concentrated using a rotary evaporator (Buchi Labortechnik AG, Flawil, Switzerland). The
resultant extracts were stored in a refrigerator
until required for the experiments. The weight
of the crude extract obtained from leaves was
found to be in the range of 5-10 g as oven dried.

Materials

The samples of onion and garlic were collected
from the Gallamari Market near Khulna University campus at Khulna, Bangladesh. The leaves
of guava (P. guajava) and papaya (C. papaya)
were collected directly from the mature trees located on the Khulna University campus. The mature tea (C. sinesis) leaves were collected from
a tea garden located in Sylhet, Bangladesh. The
leaves of baen (A. alba) and keora (S. apetala)
were collected from Dhangmaree, Chadpai range,
East zone of the Sundarbans, Bangladesh. The
leaves of guava (P. guajava), papaya (C. papaya),
tea (C. sinesis), baen (A. alba) and keora (S.
apetala) were washed thoroughly using distilled
water to remove dirt and other unwanted pollutants and then kept at room temperature for
surface drying. The outer layer of onion and garIJFS
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Extraction of plant extracts

Antimicrobial activity
assessment

Antibacterial activity of the extracts was evaluated by the disc diffusion method (Bauer, Kirby,
Sherris & Turck, 1966). Escherichia coli (ATCC
8739), Pseudomonas aeruginosa (ATCC 27833),
Salmonella typhi (ATCC 6539) and Streptococcus pyogens (ATCC 19615) were collected as
pure cultures from the Microbiology Laboratory, Pharmacy Discipline, Khulna University,
Bangladesh. The bacterial isolates were cultured
in nutrient broth at 37 o C for 2-4 h until the log
phase of growth. The sterile filter paper discs
were prepared by adding the desired concentration (250 µg/disc) of extract onto the disc using a micropipette. Bacterial broth culture was
spread over the nutrient agar medium. Finally,
the plates were incubated at 37 o C for 18 h and
then checked for the zone of inhibition, which
was measured in millimetres (mm). ErythromyVolume 10
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cin (10 µg/disc) was used as a control during the
study.

Antioxidant activity assessment
The free radical scavenging properties of extracts were evaluated by the 2,2-diphenyl-1picrylhydrazyl (DPPH) assay method as modified by Brand-williams, Cuvelier and Berset
(1995). Then, 2 mL of different concentrations
(1.75, 3.13, 6.25, 12.5, 25, 50, 100, 200 and 400
µg/mL) of the extracts were mixed with 3 mL
of 0.004% DPPH solution in ethanol. After a reaction period of 30 min at room temperature in
the dark, the absorbance was measured at 517
nm (Gupta et al., 2003). Ascorbic acid was used
as the standard. Each assay was carried out
in triplicate. The total antioxidant capacity of
the extracts was evaluated by the phosphomolybdenum method (Prieto, Pineda & Aguilar, 1999).
Sulfuric acid, sodium phosphate and ammonium
molybdate were supplied by Merck (Darmstadt,
Germany). A 0.3 mL of extract was combined
with 3 mL of reagent solution (0.6 M sulfuric
acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes containing the
reaction solution were incubated at 95 o C for
90 min. Then, the absorbance of the solution
was measured at 695 nm using a UV-vis spectrophotometer (UV mini-1240, Shimadzu Corporation, Japan), against a blank, after it was cooled
down to room temperature. Methanol (0.3 mL)
in the place of extract was used as the blank.
The total antioxidant activity was expressed as
ascorbic (AAE) and gallic (GAE) acid equivalents, and also as the percentage of radical scavenging activity (Skrovankova, Sumczynski, Mlcek,
Jurikova & Sochor, 2015) The percentage of radial scavenging activity was calculated using the
below mentioned formula:
I(%) = 100 ×

ABlank − ASample
ABlank

(1)

where I (%) is the inhibition percentage, Ablank
is the absorbance of the control element and
Asample is the absorbance of the test sample
(Salawu et al., 2017).
IJFS

February 2021

Cytotoxicity assessment
The brine shrimp lethality bioassay was carried out for the cytotoxicity test and vincristine
sulphate (0.52 µg/mL) was used as a positive
control. The eggs of the brine shrimp, Artemia
salina, and sea water were collected from the
BRAC prawn hatchery, Sreeghat, Bagerhat,
Bangladesh. 48 h after hatching, eggs become
mature and are called nauplii. The water insoluble extracts were dissolved in 50 µL of dimethyl
sulfoxide (DMSO) and each test tube contained
4 mL of sea water with different concentrations
of extracts (5, 10, 20, 40, 80, 160, 320 µg/mL).
The final volume for each test tube was adjusted
to 10mL with artificial sea water and 10 living
nauplii were transferred into each tube. After
24 h of incubation at room temperature (25 o C),
the number of live and dead nauplii were recorded. The lethal concentration (LC50 ) values of
the plant extracts were obtained at 95% confidence interval and the slope calculated using
prohibit analysis by the Finney-1971 computer
program (Mwangi, Wagacha, Nguta & Mbaria,
2015).

Nutrient analysis
The different extracts having the concentration
of 0.5% were sprayed uniformly and separately
on the collected tomatoes of uniform size, shape
and ripening condition with the help of a hand
sprayer. The fruits were then dried at room temperature and stored in an open and safe place
which was free from insects. The storage duration was 12 days as reported by Islam et al.
(2018). The moisture content of fruits was determined by the oven drying method (AOAC,
2005) before application of the extract and after
the storage time. Weight, as an indicator of the
quality of fruits, was measured using a digital
balance (Brishti, Misir & Sarker, 2013) before
application of the extract and after the storage
time. The tomato juice was prepared by a digital blender (Vita-Prep 3, Vita-Mix Corporation, UK) as reported by Islam et al. (2018), and
the pH of juice was measured by a benchtop pH
meter. Total carbohydrate content of the tomato
before application of the extract and after the
storage time was determined by the Lane-Eynon
Volume 10
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method (Okoye & Ugwu, 2008). The protein content of tomato was estimated by Lowry’s method
using a standard curve of Bovine Serum Albumin
(BSA) solution (20-100 mg/mL) and a double
beam UV-Visible spectrophotometer to measure
absorbance at a wavelength of 660 nm (Lowry,
Rosebrough, Farr & Randall, 1951).

2.4

Assessment of antimicrobial
and antioxidant properties of
preserved tomato juice

To evaluate the efficacy of preserved tomatoes in
regard to antimicrobial and antioxidant properties, tomato juice was prepared from different tomatoes which had been coated with an extract as
described earlier. In addition, fresh tomato juice
was prepared to compare the effects of extract
application. Antimicrobial activity assessment,
free radical scavenging assay and total antioxidant capacity were conducted as stated earlier.

3

Results and Discussion

3.1

Antimicrobial activities of the
extracts

Among seven different plant extracts, the leaf
extract of tea showed the strongest inhibition
against E. coli (35.0 3.2 mm), P. aeruginosa
(29.3 2.6 mm), S. typhi (28.4 2.1 mm) and S.
pyogenes (27.7 3.7 mm) (Table 1). Garlic (A.
sativum) extract and the leaf extract of Baen
(A. alba) produced approximately similar zones
of inhibition followed by the leaf extract of tea.
The assay results were interpreted using the scale
of measurement described by Carovic-Stanko et
al. (2010) which considered zones of inhibition
greater than 15 mm as strongly inhibitory, 10-15
mm as moderately inhibitory and smaller than
10 mm as not inhibitory, respectively. Based
on this scale, the extracts used in this study
showed strong inhibition at 250 µg/Disc against
the bacteria under investigation. However, the
onion (A. cepa) extract showed the lowest zone
of inhibition. The strong inhibitory activity of
the extracts could be attributed to the presence
of a variety of flavonoids in tea (C. sinensis)

±

±

±

±
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(more than 30% of dry weight) as reported earlier
(Reto, Figueira, Filipe & Almeida, 2007). In
the present investigation, other plant extracts
also showed strong activity against the tested
bacteria irrespective of their types (Dorman &
Deans, 2000). However, the extracts also showed
varying levels of inhibitory properties, which
could be regarded as one of key findings in this
study and allowed us to investigate their properties for fruit preservation. With regard to potential antimicrobial activity, the plant extracts
could be ranked as tea (C. sinensis)> garlic (A.
sativum)> baen (A. alba)> keora (S. apetala)>
papaya (C. papaya)> guava (P. guajava)> onion
(A. cepa).
It is worth mentioning that several previous studies showed the efficacy of plant extracts as antimicrobial agents for preventing the growth of
food borne and spoilage bacteria (Calo, Crandall,
O’Bryan & Ricke, 2015; Cleveland, Montville,
Nes & Chikindas, 2001). It is well documented
that plant extracts possess a number of antimicrobial compounds, e.g. terpenoid, alkaloid and
phenolic compounds. These compounds usually
interact with enzymes and proteins of the microbial cell membrane and subsequently lead to
its disruption. These events in turn induce cell
death or inhibit enzymes essential for amino-acid
biosynthesis (Burt, 2004; Gill & Holley, 2006). In
addition, several researchers have reported that
the inhibitory effect of these plant extracts could
be correlated with their hydrophobic nature as
well as the cell membrane of targeted bacteria
(Gill & Holley, 2006; Tiwari et al., 2009). This
attribute would facilitate interaction of the plant
extracts with microbial cell membrane protein
and mitochondria, deform their structures and
ultimately alter their permeability (Friedman,
Henika, Levin & Mandrell, 2004; Tiwari et al.,
2009). The present study suggested that the selected plant extracts, which proved to be potentially effective, could be used as natural preservatives and alternatives to chemical preservatives
which have become an increasing concern due to
potential health hazards.
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Table 1: Mean values of diameters for zone of inhibition (ZOI) of different plant extracts (expressed in
mm, presented as mean standard deviation; n=3) and standard, Erythromycin
Bacteria

Type of extracts
Keora
Tea
Baen
Papaya
Guava
Garlic
Onion

E. coli

P. aeruginosa

S. typhi

Keora
Tea
Baen
Papaya
Guava
Garlic
Onion
Keora
Tea
Baen
Papaya
Guava
Garlic
Onion

ZOI diameter
(mm)

±1.2
±3.2
±2.3
±1.9
±2.3
±1.7
±2.6
19.5±2.3
29.3±2.6
21.4±3.1
19.2±2.8
18.7±1.7
25.0±1.2
18.3±2.8
20.5±2.9
28.4±2.1
22.9±2.5
23.5±2.7
19.4±2.0
24.5±1.8
19.2±2.7
24.6±3.5
27.7±3.7
25.5±3.9
24.5±2.9
23.3±3.1
26.3±2.7
23.6±2.1
25.0
35.0
27.0
21.0
20.0
27.0
20.0

Erythromycin
(mm)

a
b

a
c

±

29.5 1.29a

d

a
e
b

a
c

d
e

±

27.75 0.96a

a

f
b

a
c

a
d

±

28.75 0.5a

a
e

b
Keora
a
Tea
c
Baen
d
Papaya
32.75 0.98a
S. pyogenes
e
Guava
f
Garlic
g
Onion
Dissimilar small letters in a row indicate significant differences
(p< 0.005) of the antimicrobial effect of different extracts, respectively
when compared to standard, while similar small letters in a row
indicate the lack of significant differences (p< 0.05) of the same.
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Table 2: Nutrient analyses of fresh tomatoes at day 0, tomatoes without any extract coating at day 12
and tomatoes coated with different extracts at day 12.
Type of
extracts

Moisture
content (%)

±
±
±
±
±
±
±
±
±

Changes in
weight (%)

±
±
±
±
±
±
±
±

pH of the
fruit juice

±
±
±
±
±
±
±
±
±

Total
carbohydrate (%)

±
±
±
±
±
±
±
±
±

Protein
content(%)

±
±
±
±
±
±
±
±
±

Fresh Tomato at Day 0
89.93 0.15a
4.08 0.02a
2.42 0.03a
0.82 0.02a∗
b
a
b∗
∗
Tomato at day 12
45.85 0.27
45.52 1.56
6.59 0.89
0.87 0.15b
0.46 0.17a∗
c
b
a
a
Keora extract coated tomato 80.61 0.38
11.24 0.24
4.16 0.06
2.04 0.06
0.73 0.02a∗
c
c
c
c∗
Tea
79.86 0.18
15.89 0.18
5.34 0.16
1.42 0.04
0.62 0.03a∗
Baen
77.64 0.58d 17.92 0.12d
5.48 0.13d
1.32 0.02d∗
0.57 0.03a∗
Papaya
80.31 0.63e 19.12 0.12e
5.25 0.11e
1.72 0.05a
0.52 0.02a∗
f
f
f
e∗
Guava
72.15 0.55
19.63 0.27
5.40 0.10
1.59 0.03
0.54 0.02a∗
g
g
g∗
f∗
Garlic
69.18 0.63
20.02 0.05
6.17 0.06
0.94 0.05
0.49 0.01a∗
Onion
67.47 0.19h 20.28 0.07h 6.56 0.06h∗
0.87 0.03g∗
0.49 0.02a∗
Means with the same letter in a column are not significantly different (p<0.005) when compared to fresh
tomato at day 0, while * indicates the values which are not significantly different when compared to tomatoes
kept for 12 days without any extract application. Significant values (p<0.005) for tomatoes kept 12 days with
different extract applications are shown without any symbol.

3.2

Antioxidant properties of the
extracts

In the DPPH free radical scavenging assay, the
leaf extract of keora (S. apetala) and guava (P.
guajava) showed the highest percentage of free
radical scavenging activity (89.64
0.17 and
89.39 0.88, respectively) (Fig. 1). With regard
to free radical scavenging activity the plant extracts were ranked as keora (S. apetala) > guava
(P. guajava) > tea (C. sinensis)> papaya (C.
papaya) > onion (A. cepa) > baen (A. alba).
The ability of antioxidants to donate hydrogen
is a guide to DPPH free radical scavenging. In
the DPPH assay, the violet color of DPPH solution is reduced to a yellow colored product, diphenylpicryl hydrazine, with the introduction of
the extracts in concentration-dependent manner.
The ethanolic plant extracts showed a similar
type of free radical scavenging activity when
compared with the standard, ascorbic acid. It
has been reported that polyphenol compounds
and tocopherols scavenge the DPPH radicals
by their hydrogen donating ability (Amarowicz,
Pegg, Rahimi-Moghaddam, Barl & Weil, 2004).
In addition, total polyphenols content and radical scavenging antioxidant activity are found to
be highly correlated. The results obtained in
this study suggest that the extracts show radical

±

±
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scavenging activity due to their redox properties,
i.e. through their electron transfer or hydrogen
donating ability (Lee, Hwang, Ha, Jeong & Kim,
2003; Rahman, Islam, Biswas & Alam, 2015).
In terms of total antioxidant capacity, the leaf
extract of guava showed the highest antioxidant capacity which was 257.10 14.97 mg AAE/g
and 311.19 20.22 mg GAE/g, respectively followed by the leaf extract of keora (S. apetala)
which showed values of 135.17 0.78 mg AAE/g
and 163.61 0.94 mg GAE/g, respectively (Fig.
2). The antioxidant potential of the different extracts was determined by their ability to reduce
the reduction of Mo (VI) to Mo (V) and subsequent formation of a green phosphate/Mo (V)
complex at acidic pH. The presence of bioactive compounds, such as polyphenols, carotenoids,
and vitamin E and C in the extracts influences
their antioxidant activity (Mwangi et al., 2015).
The presence of bioactive compounds and their
concentration in the extracts is important for
conferment of antioxidant activity. Thus, higher
concentrations of extract show higher antioxidant activity. These results comply with previous findings, which suggested that the antioxidant capacity could be attributed to the chemical composition and polyphenol content of the
extract and not just the total phenolic content
(Amarowicz et al., 2004; Rahman et al., 2015;

±

±

Volume 10

pages SI95–SI111

±

±

SI102 Islam et al.
Table 3: Mean values of diameters for zone of inhibition (ZOI) of fresh tomato juice (TJ) at Day 0,
tomato juice at Day 12 and different juices prepared from extract coated tomatoes at Day 12 (expressed
in mm, presented as mean standard deviation; n=3) and standard, Erythromycin

±

Bacteria

Types of extracts
Fresh TJ
TJ without extract
Keora +TJ
Tea + TJ
Baen + TJ
Papaya + TJ
Guava + TJ
Garlic + TJ
Onion + TJ

E. coli

P. aeruginosa

S. typhi

Fresh TJ
TJ without extract
Keora +TJ
Tea + TJ
Baen + TJ
Papaya + TJ
Guava + TJ
Garlic + TJ
Onion + TJ
Fresh TJ
TJ without extract
Keora +TJ
Tea + TJ
Baen + TJ
Papaya + TJ
Guava + TJ
Garlic + TJ
Onion + TJ

±
24.5±0.5
13.3±2.4
31.0±1.2
38.0±1.4
29.0±2.7
26.0±1.3
23.0±2.8
37.0±1.4
23.0±1.2
25.7±0.3
12.5±2.1
26.5±1.3
39.3±2.4
30.4±1.4
25.2±1.3
21.7±1.7
33.0±1.6
20.3±1.3
26.5±0.7
15.8±1.8
27.4±1.4
36.3±1.9
29.7±1.6
23.5±1.8
22.4±1.3
34.5±0.7
21.2±1.3
27.8±0.5
12.7±2.3
27.6±1.6
32.7±1.8
28.5±1.6
25.5±1.6
24.3±1.1
29.3±1.9
24.6±1.8

ZOI diameter
(Mean SD, mm)

±

Erythromycin
(Mean SD, mm)

b

c

±

a
d

32.5 1.34a

a
e

f
g

h
a
b

±

a
c

29.47 0.87a

a
d
e

a

f
a
b

a
c

a

±

29.55 0.53a

d
e

f
g

b
Fresh TJ
c
TJ without extract
d
Keora +TJ
a
Tea + TJ
e
Baen + TJ
33.43 0.87a
S. pyogenes
f
Papaya + TJ
g
Guava + TJ
h
Garlic + TJ
i
Onion + TJ
Dissimilar small letters in a row indicate significant differences (p< 0.05) of the
antimicrobial effect of juice prepared from different extract coated tomatoes,
respectively when compared to the standard, while similar small letters in a row
indicate the lack of significant differences (p< 0.05) of the antimicrobial
effect of the same.
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Thielmann et al., 2017).

3.3

Cytotoxicity of the extracts

In the brine shrimp lethality bioassay, the plant
extracts showed brine shrimp larvicidal activity in a concentration dependent manner. The
leaf extract of keora (S. apetala) showed the
lowest LC50 of 132.54
18.99 µg/mL which
was the most toxic among all tested extracts
(Fig.
3).
The leaf extract of guava (P.
guajava) exhibited the next lowest LC50 value
of 137.89 22.21 µg/mL. The other extracts
could be ranked based on toxicity as garlic (A.
sativum) (234.58 22.0 µg/mL) > onion (A.
cepa) (245.84 12.54 µg/mL) > tea (C. sinensis) (324.52 20.15 µg/mL) > baen (A. alba)
(453.21 18.9 µg/mL). It has been reported
that LC50 values in the range of 100-500 µg/mL
are considered moderately toxic (Salawu et al.,
2017). Therefore, LC50 values obtained in this
study indicate moderate toxicity for the plant
extracts. In addition, it was suggested that, if
crude extracts possessed LC50 values less than
250 µg/mL they could be considered significantly
active and have the potential for further investigation (Nair, Anju & Hatha, 2017). Therefore,
the preliminary cytotoxic activity exhibited by
the extracts was promising and this clearly indicated the presence of potent bioactive compounds.

±

±

±

3.4

±
±

±

Nutrient analysis

Analytical results of moisture, changes in weight,
pH, total carbohydrate and protein content before and after treatment of the tomato samples
are shown in Table 2. Moisture content influences the physical, chemical and microbiological aspects of food, and the keeping qualities
of freshness and firmness during the storage of
the food for a long period of time. The moisture
content of the fresh tomato was 89.93%. The
leaf extract of keora (S. apetala) treated tomato
retained the highest moisture content of 80.61%
whereas the lowest value was found to be 67.47%
for onion (A. cepa) extract treated samples. The
moisture content of plant extract treated samples
was found to be significantly different from each
other. The highest percentage of change in
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weight observed was in the onion (A. cepa) extract treated tomato (20.28%), followed by the
garlic (A. sativum) treated samples (20.02%),
while the lowest value was obtained in the leaf extract of keora (S. apetala) treated samples. However, the changes in weight were significantly different when plant extract treated samples were
compared to tomatoes stored without any plant
extract application (control) at day 12. The
control displayed a rapid decline in weight (%)
and the highest changes in weight percentage at
day 12 as compared to all other treatments at
that stage. This could be attributable to uncontrolled ripening of tomatoes, as ripening in tomatoes could be regarded as climacteric with a
sudden increase in ethylene production and respiration rate. This higher respiration rate also
resulted in higher transpiration of water from the
fruit surface which led to an increase in percentage of changes in weight during storage (Sabir,
Shah & Afzal, 2004; Zagory & Kader, 1988).
Thus, physiological changes in weight of tomatoes were influenced by different extract applications. Moreover, as cited by Proulx, Cecilia,
Nunes, Emond and Brecht (2005), high storage
temperature led to accelerated water loss and
subsequent shrivelling and softening of the fruit.
Furthermore, lower changes in weight of tomatoes could be due to a slow rate of ripening and
prevention of excessive moisture loss on application of different extracts to tomatoes (Haile,
2018; Seyoum & Woldetsadik, 2004). Zhang and
Quantick (1997) mentioned similar results for litchi coated with an edible coating of chitosan.
The pH value is a measure of acidity or alkalinity
of water-soluble substances. The pH value is one
of the most important factors which influences
food properties. The pH of tomatoes is determined primarily by the acid content of the fruit,
termed titratable acidity (TA). The acidity of
the fruit also contributes to the flavor of tomato
products. The pH value of the fresh tomato was
4.08 and the pH value increased after treatment
of the sample. The lowest pH value of 4.16 was
found in the tomato coated with the leaf extract
of keora (S. apetala) whereas the highest value of
6.56 was observed in the tomato coated with the
onion extract. However, the tomato without any
extract coating showed the highest change in pH
on comparing samples at day 0 and after 12 days
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Figure 1: Percentage free radical scavenging of different plant extracts (n=3).

of storage. The rise in pH could be related to a
decline in TA due to a loss of citric acid. Citric
acid is the most abundant organic acid in tomatoes. The decrease in TA could be associated
with increased fruit ripening and subsequent decay which would lead to loss of citric acid from
tomatoes. It has been reported that during tomato ripening, as in other fruits, a decline in
acid levels is accompanied by an increase in sugars. At least a portion of this change may be due
to the metabolic conversion of acids into sugars
by gluconeogenesis. In addition, the loss of organic acids from tomatoes could occur through
respiration during storage (Anthon, LeStrange &
Barrett, 2011). It has been suggested that 4.4 is
the maximum desirable pH for safety and the optimum target pH should be 4.25 (Monti, 1979).
The present finding is supported by the result
observed on apple samples by Coseteng and Lee
(1987).
Carbohydrates are a large group of organic com-
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pounds occurring in foods and living tissues, and
include sugars, starches and cellulose. The total
carbohydrate and protein contents of the control sample were 2.42 and 0.82 %, respectively.
The highest total carbohydrate content was estimated as 2.04% in tomatoes coated with the
leaf extract of keora (S. apetala) while the lowest
value determined was 0.87% for tomatoes coated
with onion (A. cepa) extract. The highest protein content was 0.73% for tomatoes coated with
the leaf extract of keora (S. apetala) whilst tomatoes coated with extracts of onion (A. cepa) and
garlic (A. sativum) showed the lowest value of
0.49% after storage for 12 days. Nutrient results
for carbohydrates and protein were supported by
the work of Jiang, Li and Jiang (2005) who investigated the effects of an edible chitosan coating on the litchi fruits at ambient temperature
and Martinez-Romero et al. (2006) who studied
the influence of aloe-vera on the storage of sweet
cherries.
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Figure 2: Total antioxidant capacity of different plant extracts, both ascorbic acid equivalent (AAE)
and gallic acid equivalent (GAE), respectively in mg/g.

Figure 3: LC50 values of different plant extracts and control (n=3).
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Figure 4: Free radical scavenging assay of different juices prepared from extract coated tomatoes at day
0 and 12, fresh tomato juice at day 0, tomato juice without any extract at day 12.

3.5

Antimicrobial activities of
preserved tomatoes

Tomato juice prepared from different tomatoes
which had been coated with an extract showed
varying levels of antibacterial properties after
storage for 12 days (Table 3). Of these, juice prepared from tea extract treated tomatoes showed
the highest level of activity against the tested
bacteria. It should be noted that fresh tomato
juice also showed strong antibacterial properties
when compared to values obtained from the control which is in agreement with previous findings (Maz’uma, Dadah & Uba, 2018). Juices
from extract coated tomatoes were able to produce a zone of inhibition close to erythromycin.
For E. coli, P. aeruginosa, S. typhi and S. pyogenes, juice from extract of garlic (A. sativum)
and leaf extract of tea (C. sinensis) coated tomatoes produced a larger zone of inhibition than
control values which were statistically significant
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(p<0.005). The results indicate that a synergistic effect of both extracts and tomato juice
could contribute towards appearance of larger
zones of inhibition than seen for both free fresh
tomato juice and erythromycin, respectively. In
addition, the leaf extract of baen (A. alba), keora (S. apetala) and garlic (A. sativum) showed
strong antibacterial activities against P. aeruginosa, S. typhi and S. pyogenes, respectively.
In all cases, juice prepared from both onion (A.
cepa) and the leaf extract of guava (P. guajava)
coated tomatoes showed poorest antibacterial
properties, and from papaya (C. papaya) coated
tomatoes showed moderate antibacterial properties.
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Figure 5: Total antioxidant capacity of different juices prepared from extract coated tomatoes at day
0 and 12, fresh tomato juice at day 0, tomato juice without any extract at day 12; expressed in both
Ascorbic Acid Equivalent (AAE, mg/g) and Gallic Acid Equivalent (GAE, mg/g).

3.6

Antioxidant properties of
preserved tomatoes

The phenolic content of tomato fruits has been
correlated with their antioxidant capacity. Similar to free radical scavenging assay findings,
DPPH free radical scavenging assay findings for
juices from different extract coated tomatoes
showed varying levels of activity (Fig. 4). Juice
from leaf extract of keora (S. apetala) and extract
of guava (P. guajava) coated tomatoes showed
the highest free radical scavenging activity. Fresh
tomato juice (day 0) also showed a substantial level of activity as reported by de Abreu,
Piccolo Barcelos, de Barros Vilas Boas and da
Silva (2014) and Balaswamy (2015), however, the
activity declined after storage for 12 days. Extract treated tomatoes were able to retain their
activity as evident from Figure 1. As the amount
IJFS
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of extract applied was 0.5%, the free radical scavenging did not increase substantially when compared with the results obtained for the extracts
alone. However, the total antioxidant capacity
of juice prepared from tomatoes without any extract increased slightly from day 0 to day 12, although this was not statistically significant (Fig.
5). The increase in antioxidant capacity could be
related to the lower moisture content at day 12.
The leaf extract of guava (P. guajava) showed
the highest antioxidant capacity for both AAE
and GAE values (mg/g) which was highly significant (p<0.0001). Statistically significant values were also shown in terms of both AAE and
GAE values (mg/g) for the extracts of onion (A.
cepa) and garlic (A. sativum) and the leaf extract of keora (S. apetala). Storage of tomatoes
coated with different extracts favors the liberation of phenolic compounds and lycopene, the
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main antioxidant compound present in tomatoes
from the cellular matrix. Thus, phenolic compounds and lycopene were more bioavailable in
tomatoes subjected to storage and dehydration
in the process of preservation (de Abreu et al.,
2014; Toor, Savage & Lister, 2009). It is considered that these phenolic compounds improve
the nutritional value and functional properties of
tomatoes.

4

Conclusion

The studied plant extracts showed different levels
of antimicrobial, antioxidant and cytotoxic activity due to differences in phenolic compounds, and
the amount and concentration of extracts applied
to tomatoes. Although the study is preliminary
in nature, it has provided valuable insights about
the use of plant extracts in food preservation.
The current study indicates that leaf extracts of
tea (C. sinensis), keora (S. apetala) and guava
(P. guajava) and the extract of garlic (A. sativum) can be used for potential applications in
preventing the adverse effects of food spoilage.
Chemical and synthetic preservatives are still
used for preventing food spoilage in the food industry. The adverse effects of these chemical preservatives on human health necessitate the search
for potentially effective, healthier, safer and natural food preservatives based on plant sources. It
is a common belief that biologically active pure
compounds are more effective than crude extracts. However, to get the overall view of plant
extracts for prevention of food deterioration and
extension of shelf-life, it is essential to consider
crude extracts. As food spoilage is usually associated with the growth of different pathogenic
bacterial strains and oxidation of food components, further study is required to investigate the
application of these extracts in food preservation.
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