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ABSTRACT
Synthetic dyes used for improving foods’ aesthetics, market value and patronage have been
reported to pose severe threats to human and environmental health. The attendant side effects and cost
of synthetic dyes with food preservative potentials have shifted attention to the use of plant natural dyes
as substitutes in food, textile and pharmaceutical applications. Therefore, this study, determined the
biocidal properties of extracts of Tectona grandis, Mangifera indica and Eucalyptus camaldulensis as a
preservative for Table eggs. A total of 72 eggs (4 groups) were purchased from a local poultry farm,
washed, sterilized and allowed to dry. The filtrate of chicken faecal samples dissolved in buffered
peptone water was used to simulate egg contamination with microorganisms for 60 minutes. A stock
solution of 1.25 g/ml of the different plant extracts was prepared and sprayed on each group. The eggs
were then subjected to bacteriological analysis. Data were analysed using descriptive and inferential
statistics with Tukey Post hoc tests at p<0.05. All the extracts significantly reduced Staphylococcus
aureus’ count. Mangifera indica, Tectona grandis and Eucalyptus camaldulensis reduced it by 83%,
85% and 78%, respectively. Klebsiella pneumoniae’s count was reduced by 63%, 20% and 8.7% at 28
days by Eucalyptus camaldulensis, Mangifera indica and Tectona grandis, respectively. Salmonella
spp.’s count was reduced by 27%, 14.10% and 9.5% by Eucalyptus camaldulensis, Tectona grandis and
Mangifera indica, respectively.The extracts of these plants’ species showed significant potential of
preventing microbial growth in table eggs and their use in the food industry for preservative purposes
should be encouraged.
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1. INTRODUCTION
Food preservation is a challenging issue faced by scientists, industry overseers, health
observers and regular customers. Food could be decontaminated and preserved using specific
compounds, such as preservatives and antimicrobial agents, which are defined as the added
compounds that have the ability to kill or hinder microbial growth in foods (Tayel et al., 2018).
Microbial contamination of eggs with pathogenic microorganisms is a serious health
concern worldwide. Eggshells may be contaminated with microorganisms at different industrial
stages including during production, processing, preparation, and packaging. Contamination and
microbial transmission may be “vertical”, during egg formation in the ovaries, or “horizontal”,
through egg exposure to the surrounding contaminated environment (De Reu et al., 2006).
The correlation between the rate of eggshell contamination and probability of microbial
pathogens’ penetration into egg contents was reported in many previous investigations (De Reu
et al., 2008; Messens et al., 2005).
There is a strong need for finding more effective inhibitory agents of natural sources
against eggshell contamination (Rojan Dahal, 2014; Tayel et al., 2013). The principal
advantages of the application of natural disinfectants and antimicrobials are their
biodegradability, high biosafety level, wide spectrum and non-accumulating characteristics.
Colouring agents is one of the major additives in the food industry which helps to serve
a range of purposes including food identification, increased acceptance and attractiveness.
Synthetic colourants have long been used in the food, drug and textile industries. However,
consumers have increasingly begun to consider it undesirable due to the accompanying adverse
health and environmental effects. There is need for more efforts to explore and develop new
natural alternative colourants for use in these industries.
In the study reported here, natural colourants were extracted from Tectona grandis,
Mangifera indica and Eucalyptus camaldulensis and their bacteriological properties were
investigated to explore the nexus between these natural extracts and their potential for being
used as food preservatives.

2. MATERIALS AND METHODS
2. 1. Study Design
The study was an experimental design that involved treatment of groups and a control
group. The extracts were applied on the treatment groups so as to observe the effects on the
table eggs, while the extracts were not applied to the control group. A total of 72 eggs purchased
from a local poultry farm were divided into 4 groups for the experiment.
2. 2. Collection of materials
The materials used for this experimental study include plant parts (barks of Mangifera
indica and Eucalyptus camaldulensis, and leaves of Tectona grandis), weighing balance,
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milling machine (for grinding the plant parts into powdery form), solvents (Ethanol, Ferric
chloride, Aqueous hydrochloric acid, distilled water, Aluminium chloride, Acetic anhydride,
and Methanol), water bath, beaker, measuring cylinder, petri dish, Whatman No 1. Filter paper,
nutrient media (broth and nutrient agar), volumetric flask, test tubes, incubator and autoclave
(for sterilizing the equipment).
2. 3. Extraction of dyes from Tectona grandis, Mangifera indica and Eucalyptus
camaldulensis
The extraction of plant colourants (dyes) from the various plants’ parts was carried out
using the cold extraction method described by El-Ghorab et al. (2003). This procedure involved
the use of ethanol as a solvent for extraction, with the advantage of extracting both polar and
non-polar compounds from plants.
2. 4. Quantitative analysis of phytochemical constituents
The quantitative analysis of the phytochemical constituents present in the extracts of
Tectona grandis, Mangifera indica and Eucalyptus camaldulensis was carried out using
standard methods described below.
2. 4. 1. Alkaloids
Alkaloid content was determined using the procedure of Soetan (2012). Solid extract
sample (2g) was weighed and 20 ml of 80% alcohol (ethanol) was added to give a smooth paste.
Thereafter, more alcohol was added to make up to 100 ml volume. Magnesium oxide (1g) was
added, and the mixture was digested in a boiling water bath for 1.5 hours under a reflux air
condenser with occasional shaking at intervals. The mixture was filtered while hot through a
funnel. The residue was returned to the flask and re-digested for 30 minutes with 50 ml alcohol
after which the alcohol was evaporated with hot water added to replace the alcohol lost. When
all the alcohol has been removed, 2 to 3 drops of 10% HCl was added and the whole solution
was later transferred into a 150 ml volumetric flask. Zinc acetate solution (5 ml) and 5 ml of
potassium Ferrocyanide solution were added and thoroughly mixed to give a homogenous
solution. The flask was allowed to stand for few minutes, before the mixture was filtered
through a dry filter paper. Afterwards, 10 ml of the filtrate was transferred into a separating
funnel and the alkaloids present were “extracted” vigorously by shaking with five successive
30 ml portions of chloroform. The residue obtained was dissolved in hot water and transferred
into a Kjeldahl flask with the addition of 0.2 g sucrose and 10 ml concentrated H2SO4 as well
as 0.02 g Selenium for digestion to a colourless solution. The %Nitrogen (%N) was determined
by Kjeldahl distillation method and this %Nitrogen gotten was converted to % total alkaloid by
multiplying by a factor of 3.26 to calculate the alkaloid content as shown below in Eq. 1.
% Alkaloid = %N × 3.26 …………………………..

Eq. 1

2. 4. 2. Flavonoid
The total flavonoid content present in the plant extracts was determined by using the
method reported by Paliwal et. al. (2017). To each portion (1 ml, 1000 μg/ml) of the plant
extracts, methanol (3 ml), aluminium chloride (0.2 ml, 10%), potassium acetate (0.2 ml, 1 M)
and distilled water (5.6 ml) were added. The reaction mixture was then incubated at room
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temperature for 30 minutes and the absorbance measured at 415 nm using a UV–visible
spectrophotometer was recorded. Quercetin (10 – 50 μg/ml) was used as standard.
The total flavonoid content was calculated from the standard calibration curve of
quercetin and expressed as quercetin equivalents per gram of dry weight of extract (mg QE/g)
using Eq. 2 below.
Flavonoid content
(peak absorbance of sample − intercept value of the standard calibration curve)
=
slope value of the standard calibration curve
…………………..
Eq. 2
2. 4. 3. Saponins
Saponins content determination was performed according to the method described by
Mujeeb et al. (2014). Isobutyl alcohol (100ml) was added to 1 g of finely powdered sample and
stirred for 5 hrs. Twenty millilitres (20ml) of 40% saturated solution of Magnesium carbonate
was added to the mixture and filtered. Distilled water (50ml) and 2ml of 5% FeCl 3 solution
were added to 1ml of colourless solution and kept for 30 minutes for colour (blood red)
development. The absorbance of the samples and of the standard were read at 380 nm and were
used to determine the saponin content using Eq. 3 below. Standard saponins solution was
prepared in the reference range of 0 –10 ppm.
% Saponins =

𝐴𝑏 − 𝐴𝑎
𝐴𝑏

× 100%

…………………………..

Eq. 3

where 𝐴𝑏 is the absorption of the standard, and 𝐴𝑎 is the absorption of the extract.
2. 4. 4. Tannin
The total tannins was determined by Folin-Ciocalteu method described by Kavitha and
Indira (2016). A volume of 0.1 ml of the sample extract was added to a volumetric flask (10
ml) containing 7.5 ml of distilled water, 0.5 ml of Folin-Ciocalteu phenol reagent and 1 ml of
35% sodium carbonate solution and was diluted to 10 ml with distilled water. The mixture was
shaken well and kept at room temperature for 30 minutes. Similarly, a set of reference standard
solutions of garlic acid (2 – 100 μg/ ml) were also prepared. Absorbance values for test (extract
samples) and standard solutions were measured against the blank at wavelength of 700 nm with
an UV/Visible spectrophotometer. The calculation of tannin content (as garlic acid equivalents)
was done using Eq. 4 below.
Tannin content =

(peak absorbance of sample − intercept value of the standard calibration curve)
slope value of the standard calibration curve

………

.Eq. 4

The calculated Tannin contents (as garlic acid equivalents in μg/ ml) in the samples were
then divided by the concentration of the dyes extracts samples to convert it to percentage
(%w/w) yield.
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2. 4. 5. Terpenoids
Total terpenoids content in the plant extracts was determined by the method described by
Gladis & Chellaram (2018). Extract (1g) was taken in a conical flask and soaked in ethyl alcohol
for one day. It was then filtered in which the filtrate was extracted with petroleum ether. The
weight of the ether extract as a percentage of the weight of the solid plant extract sample was
taken as the measure of total terpenoids (in %w/w) using Eq. 5 below.
%Terpenoids content =

initial weight of the sample − final weight of the sample
weight of the sample

× 100%........Eq. 5

2. 4. 6. Phenol
Total phenol content was determined following the Association of Official Analytical
Chemists (AOAC) method as described by Mako (2013). An extract of 0.2 g was weighed into
a 50 ml beaker and 20 ml of acetone added and homogenized for 1hr to prevent lumping. The
mixture was filtered through a Whatman No. 1 filter paper into a 100 ml volumetric flask using
acetone to rinse and made up to the mark with distilled water and thoroughly mixed. A ml of
sample extract was pipetted into 50 ml volumetric flask while 20 ml water and 3 ml of
phosphomolybdic acid were added, followed by the addition of 5 ml of 23% Na2CO3 with
thorough mixing. This was made up to the mark with distilled water and allowed to stand for
10 minutes to develop a bluish-green colour. Garlic acid (concentration range 0 – 10 mg/ml)
solution was prepared as standard. The absorbance values of the plant extract as well as that of
garlic acid standard were read on the UV/Visible Spectrophotometer at a wavelength of 510nm.
The calculation of phenol content extracted (as garlic acid equivalents in µg/ml) from each
sample was calculated using Eq. 6 below.
Phenol content =

(peak absorbance of sample − intercept value of the standard calibration curve)
slope value of the standard calibration curve

Eq. 6
The calculated phenol contents (as garlic acid equivalents in µg/ml) in the plant extract
samples were then divided by the concentration of the dyes extracts samples to convert them to
percentage (%w/w) yield.
2. 5. Microbiological effect of the natural dye extracts on eggshell
The microbiological effect of the plant dye extracts of Tectona grandis, Mangifera indica
and Eucalyptus camaldulensis on the preservation of raw egg was assessed using the
bacteriological analysis procedure described by Salihu et al. (2015).
2. 5. 1. Bacteriological analysis procedure
A total of 72 egg samples were purchased from a local poultry farm in Ibadan metropolis
and then the eggs were washed, sterilized and allowed to dry. Thereafter, chicken faecal
samples which were also collected from farm litter of the same poultry farm were dissolved in
buffered peptone water and filtered. The filtrate was then used to simulate egg contamination
with microorganisms for 60 minutes. A stock solution with a known concentration of 1.25g/ml
of the different plant extracts was prepared. The contaminated eggs were randomly divided into
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4 groups (Control, Tectona grandis, Mangifera indica and Eucalyptus camaldulensis) of 18
eggs each. The eggs in each group was sprayed with only one plant extracts except for the eggs
in the Control group which weren’t sprayed with any plant extract. Three (3) eggs were picked
from each group at intervals of 0, 3, 7, 14, 21 and 28 days after the application of dye extracts
and then subjected to microbiological analysis described in Salihu et. al. (2015). Each
microbiological experiment was done in triplicate. Zero (0) day means immediately after the
preparation of the test samples and/or application of the plant extracts. The total microbial
counts of each of the four (4) identified microorganisms (Escherichia coli, Staphylococcus
aureus, Klebsiella pneumoniae and Salmonella spp.) on the Nutrient Agar were measured at 0,
3, 7, 14, 21 and 28 days.

3. RESULTS AND DISCUSSION
3. 1. Phytochemical Contents
The contents of phytochemicals (Alkaloids, Terpenoids, Saponins, Tannin, Flavonoid and
Phenols) that were present in moderate and abundant amounts in the natural plant extracts
(Tectona grandis, Mangifera indica and Eucalyptus camaldulensis) explored in this study are
as shown in Table 1 below expressed in percentage yield (%w/w).
Table 1. Percentage Yield of Phytochemicals in the Plant Extracts Samples.

% Yield (%w/w)
Samples
Tectona
grandis
Mangifera
indica
Eucalyptus
camaldulensis

Alkaloids

Terpenoids

Saponins

Tannin

Flavonoid

Phenols

1.37 ± 0.15

8.50 ± 0.50

1.50 ± 0.50

4.99 ± 0.01

4.87 ± 0.06

6.07 ± 0.01

7.43 ± 0.06

7.13 ± 0.06

2.67 ± 0.29

15.69 ± 0.01

8.26 ± 0.02

6.29 ± 0.01

4.50 ± 0.20

2.70 ± 0.10

9.50 ± 0.50

13.81 ± 0.01

4.85 ± 0.05

4.71 ± 0.01

From the results of one-way Analysis of Variance (ANOVA) and Tukey Post hoc tests,
the phytochemical contents obtained from the extracts of the three (3) plants’ species shown in
Table 1 above were all significantly different (with p < 0.05) at 5% significance level (𝛼 =
0.05) between the plants’ species (Tectona grandis, Mangifera indica and Eucalyptus
camaldulensis) except for the flavonoid content in Tectona grandis and Eucalyptus
camaldulensis which shows no significance difference (p = 0.768) at 5% significance level (α
= 0.05).
Phytochemicals such as flavonoids have been recognized as having a protective effect in
plants against microbial invasion by plant pathogens. Flavonoids has been shown to possess
important biological activities, including antifungal and antibacterial activities (Kamath and
Shabaraya, 2016). This study showed a presence of flavonoid in all the plants’ extracts with the
highest percentage found in the bark of Mangifera indica (8.26%).
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This observed presence of flavonoid in appreciable amount in the bark of Mangifera
indica agrees with the findings of Kamath and Shabaraya (2016) in which flavonoid found in
Mangifera indica was reported to be responsible for its antifungal property.
The phenolic and polyphenolic nature of the plants’ extracts studied is shown by their
high total phenols, flavonoids and tannins contents as seen in Table 1. The percentage phenols
and tannin found in Eucalyptus camaldulensis were 6.07% and 4.99% respectively. These are
slightly lower than those reported in Miranda et. al. (2016). This implies that the geographical
location, including other biotic and abiotic factors have effects on the phytochemical contents
of similar plant species available in different geographical locations which is similar to the
findings of Alirezalu et al. (2018).
In addition to the phytochemicals observed in abundant amount listed in Table 1 above,
cardiac glycosides, anthraquinones and steroids were also observed to be present in appreciable
amounts in some of the extracts of the leaves of Tectona grandis, and barks of Mangifera indica
and Eucalyptus camaldulensis. This agrees with the findings of Bbosa et. al. (2007) in which
alkaloids, anthracenocides, coumarins, flavonones, reducing sugars, catechol and gallic tannins,
saponins, steroids and triterpenoids were observed in the leaf extracts of Mangifera indica
species. These observed compounds were reported to possess potential for medicinal use in
Uganda.
3. 2. Microbiological effects of the natural dyes extracts on eggshell
The total bacterial counts in Log10CFU/ml of the four (4) microorganisms (Escherichia
coli, Staphylococcus aureus, Klebsiella pneumoniae and Salmonella spp.) on the Nutrient Agar
isolated from the eggshells and measured at 0, 3, 7, 14, 21 and 28 days for the Control group
(without any treatment with plants’ extract) and groups treated with the extracts of Tectona
grandis, Mangifera indica and Eucalyptus camaldulensis are as shown in Tables 2 to 5 below.
All bacterial counts data were transformed into Log10 values prior to data analysis and were
plotted using log scale. All plates with detectable numbers of bacteria were included, and hence
there was generally more than one observation per sampling time point and experiment included
in the analysis.
Table 2. Effect of dyes extracts on Escherichia coli bacterial count (Log10CFU/ml)
on eggshell.
Escherichia coli
No of Days

Control

Tectona
grandis

Mangifera
indica

Eucalyptus
camaldulensis

0

7.51 ± 0.002

7.48 ± 0.005

7.51 ± 0.005

7.49 ± 0.034

3

9.60 ± 0.001

6.81 ± 0.004

7.43 ± 0.003

8.82 ± 0.005

7

10.12 ± 0.006

6.42 ± 0.006

6.63 ± 0.004

9.89 ± 0.056

14

11.34 ± 0.002

5.96 ± 0.005

6.11 ± 0.002

11.28 ± 0.016
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21

12.72 ± 0.009

5.72 ± 0.009

4.97 ± 0.041

12.00 ± 0.004

28

13.96 ± 0.006

5.11 ± 0.005

4.39 ± 0.011

13.78 ± 0.005

Table 3. Effect of dyes extracts on Staphylococcus aureus bacterial count (Log10CFU/ml)
on eggshell.
Staphylococcus aureus
No of Days

Control

Tectona
grandis

Mangifera
indica

Eucalyptus
camaldulensis

0

7.63 ± 0.007

7.62 ± 0.009

7.60 ± 0.005

7.60 ± 0.025

3

9.86 ± 0.008

6.88 ± 0.010

6.57 ± 0.006

6.08 ± 0.002

7

10.20 ± 0.004

5.94 ± 0.005

5.45 ± 0.003

5.92 ± 0.009

14

11.56 ± 0.008

4.26 ± 0.008

5.23 ± 0.001

4.36 ± 0.005

21

12.09 ± 0.006

3.00 ± 0.007

4.00 ± 0.007

3.81 ± 0.001

28

13.89 ± 0.008

2.00 ± 0.068

2.30 ± 0.003

2.98 ± 0.003

Table 4. Effect of dyes extracts on Salmonella spp. bacterial count (Log10CFU/ml)
on eggshell
Salmonella spp.
No of Days

Control

Tectona
grandis

Mangifera
indica

Eucalyptus
camaldulensis

0

7.72 ± 0.004

7.72 ± 0.013

7.71 ± 0.006

7.72 ± 0.004

3

9.97 ± 0.003

8.90 ± 0.015

9.83 ± 0.016

8.85 ± 0.003

7

10.63 ± 0.004

9.92 ± 0.016

10.24 ± 0.003

9.09 ± 0.011

14

11.72 ± 0.004

10.81 ± 0.009

11.20 ± 0.010

9.64 ± 0.006

21

12.11 ± 0.005

10.49 ± 0.033

11.89 ± 0.001

9.83 ± 0.009

28

13.85 ± 0.009

11.89 ± 0.057

12.53 ± 0.010

10.08 ± 0.013
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Table 5. Effect of dyes extracts on Klebsiella pneumoniae bacterial count (Log10CFU/ml)
on eggshell
Klebsiella pneumoniae
No of Days

Control

Tectona
grandis

Mangifera
indica

Eucalyptus
camaldulensis

0

7.81 ± 0.051

7.79 ± 0.020

7.81 ± 0.007

7.81 ± 0.020

3

10.01 ± 0.023

9.64 ± 0.005

8.36 ± 0.002

6.89 ± 0.047

7

10.42 ± 0.126

9.98 ± 0.008

8.93 ± 0.022

6.51 ± 0.011

14

11.59 ± 0.077

10.53 ± 0.007

9.53 ± 0.006

5.98 ± 0.060

21

12.15 ± 0.020

11.38 ± 0.020

10.65 ± 0.060

5.79 ± 0.002

28

13.92 ± 0.040

12.71 ± 0.005

11.00 ± 0.001

5.11 ± 0.006

Microbial count (Log10 CFU/ML)

Escherichia coli’s Bacteria Count
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Figure 1. Escherichia coli’s Bacteria Count (Log10CFU/ml) for Plant extracts and Control

The total bacterial counts (in Log10CFU/ml) presented in Tables 2 to 5 above are plotted
using log scale in Figures 1 to 4 below. From the results of Two-way Analysis of Variance
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Microbial count (Log10 CFU/ML)

(ANOVA) and Tukey Post hoc tests, the microbiological effectiveness of all the plant extracts
against the isolated microorganisms (E. coli, S. aureus, K. pneumoniae and Salmonella spp.)
shown in Tables 2 to 5 above were all significantly different (with p < 0.05) at 5% significance
level (𝛼 = 0.05) between the plants’ species (Tectona grandis, Mangifera indica and
Eucalyptus camaldulensis) and across the treatment periods (0, 3, 7, 14, 21 and 28 days).

Staphylococcus aureus' Bacteria Count
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Figure 2. S. aureus’ bacteria Count (Log10CFU/ml) for Plant extracts and Control

Microbial count (Log10 CFU/ML)

Salmonella spp's Bacteria Count
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Figure 3. Salmonella spp.’s bacteria count (Log10CFU/ml) for plant extracts and control.
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Microbial count (Log10 CFU/ML)

Klebsiella pneumoniae's Bacteria Count
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Figure 4. Klebsiella pneumoniae’s bacteria count (Log10CFU/ml) for plant extracts
and control.

The percentage microbial count reduction for eggshells treated with the plant extracts
compared to those of the Control group are as shown in Figures 5 to 8 below.

Percentage Microbial Count Reduction of E. coli
% Microbial Count Reduction

80%
70%
60%
50%
40%
30%
20%
10%
0%
0

3

7

14

21

28

No of days
Tectona grandis

Mangifera indica

Eucalyptus camaldulensis

Figure 5. Percentage microbial reduction of E. coli for plant extracts compared to control.
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Percentage Microbial Count Reduction of
Staphylococcous aureus
% Microbial Count Reduction
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Figure 6. Percentage microbial reduction of S. aureus for plant extracts compared to control.

Percentage Microbial Count Reduction of Salmonella
spp

% Microbial Count Reduction
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Figure 7. Percentage microbial reduction of Salmonella spp. for plant extracts compared
to control.
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Percentage Microbial Count Reduction of K. pneumoniae
% Microbial Count Reduction
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Figure 8. Percentage microbial reduction of K. pneumonidae for plant extracts compared
to control.

In total, three gram-negative (Escherichia coli, Klebsiella pneumoniae and Salmonella
spp.) and one gram-positive bacteria (Staphylococcus aureus) were isolated from the eggshell
culture over 28days. These were also some of the microorganisms isolated from and commonly
found in eggs as reported by Salihu et. al. (2015). The observed trends of bacterial count
(Log10CFU/ml) of these four (4) major microorganisms isolated from the eggshell varied.
The highest percentage microbial count reduction of 85.60% (Figure 6) across all the
plant extracts and isolated microorganism was provided by the extract of Tectona grandis
against Staphylococcus aureus. Similarly, the highest percentage microbial count reduction
provided by Eucalyptus camaldulensis (78.52% in Figure 6) was against Staphylococcus aureus
(a gram-positive bacteria). This observation from this study agrees with the findings of Adam
et. al. (2018) that reported that Eucalyptus extract is more efficient as natural antimicrobial
against gram positive bacteria isolated from fish compared to gram negative bacteria. None of
the extracts provided 100% percentage microbial reduction compared to the untreated eggshells
(Control). This observation is consistent with the findings of Chen et al. (2019) that observed
that although, chicken’s eggs have eggshell cuticle which helps to act against bacterial
penetration, it still has up to about 15.56% penetration rate for microorganisms such as
Escherichia coli.
All the tested plant extracts reduced S. aureus’ Log10CFU/ml count (Figures 2 and 6) on
eggshell compared to the Control. The leaf extract of Tectona grandis gave the lowest final cell
count (2.00 ± 0.068 Log10CFU/ml) compared to that of the Control (13.89 ± 0.008
Log10CFU/ml). In agreement with the findings of this current research work, previous studies
have demonstrated promising anti-staphylococcal activities of plant extracts in food matrix.
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Djenane et al. (2011) reported the essential oil from Eucalyptus spp. as a strong
antimicrobial on S. aureus from minced meat system. Joshua and Takudzwa (2013) suggested
that the mechanism of Mangifera indica stem extract against the reduction of colony forming
unit of S. aureus to be that of absorption and cell growth inhibition. The control of
staphylococcal growth is critical in ensuring safety of ready-to-eat (RTE) foods, as these
pathogens could produce staphylococcal enterotoxins (SE) during late log phase and early
stationary phase (Yuan and Yuk, 2018). The results of this current research work suggest good
potential of Tectona grandis, Mangifera indica and Eucalyptus camaldulensis extracts for use
as natural antimicrobials and microbiological preservatives in food.
Only the extracts of Tectona grandis and Mangifera indica significantly reduced E coli’s
final bacterial count (Log10CFU/ml) on eggshell (Figures 1 & 5). The trend for the E coli’s
bacterial count on eggshell treated with the extract Eucalyptus camaldulensis appeared similar
to that of untreated eggshells (Control). E. coli has been identified as one of the major
microorganism isolated both from the surface and content of the egg and it can bring about
urinary tracts infections, pneumonia meningitis and peritonitis in humans (Salihu et. al., 2015).
The variation observed in the action of these different plant extracts on E. coli might be
due to the different composition of phytochemicals each contained as reported by Burt (2004)
that plant extract consists of a complex mixture of phytochemicals, acting on microorganisms
via different mechanisms, and interacting synergistically to achieve antimicrobial effect.
All the plant extracts reduced the bacterial count of K. pneumoniae on eggshell (Figures
4 & 7) with the highest reduction to 5.11 ± 0.006 Log10CFU/ml observed for Eucalyptus
camaldulensis compared to 13.92 ± 0.040 Log10CFU/ml (Control). This same trend was
observed for Salmonella spp. (Figures 3 & 8) with Eucalyptus camaldulensis reducing its count
to 10.08 ± 0.013 Log10CFU/ml compared to 13.85 ± 0.009 Log10CFU/ml (Control) after 28
days. This observation agrees with the findings of Adam et al. (2018) that reported Eucalyptus
extract effectiveness as natural antimicrobial agent against gram negative bacteria such as K.
pneumoniae isolated from fish.
The findings of this current research work are supported by those of Kamath & Shabaraya
(2016) that reported a high zone of inhibition of extracts of Mangifera indica and Tectona
grandis against E. coli and S. aureus.

4. CONCLUSIONS
The demonstration of microbiological activity by dyes (colorants) made from the extracts
of Tectona grandis, Mangifera indica and Eucalyptus camaldulensis against both Gramnegative and Gram-positive bacteria is an indication that these plant species could be viable
sources of bioactive substances for a broad spectrum of applications. Our study revealed that
the phytochemical and microbiological properties of Tectona grandis, Mangifera indica and
Eucalyptus camaldulensis would be of great importance in the preservation of table eggs and
could subsequently be used for preservative purposes in the food industry. Therefore, these
plant species should not just be grown as timber wood species, but also for application in the
pharmaceutical and food industries.
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