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Abstract
Raw foods contain harmful microorganisms that can infect processed foods and cause them to spoilage. 
To ensure safety and sustainability, processed foods are categorized depending on the required level of 
heat treatment and pH levels. This study aimed to assess the effect of different pHs and temperatures 
on the stability and mode of action of M. paradisiaca L. flower extract. The inhibition zone results after 
treating extracts with different pHs (3, 6, 7, and 11) for pathogenic bacteria and food spoilage ranged 
between 6.33 ± 0.47 to 16.67 ± 0.94 mm, and 6.00 ± 0.00 to 10.00 ± 0.00 mm, respectively. In terms of 
temperatures for foodborne pathogens (30, 50 and 80°C), E. coli showed the highest inhibition zone 
(11.67 ± 0.47 mm) at 30°C, while B. megaterium (12.00 ± 0.94 mm and 12.33 ± 0.47 mm) at 50 and 
80°C. For the food fungi, C. krusei and C. parapsilosis showed the highest inhibition zone (8.33 ± 1.25 
mm). The highest cell constituent release was at the concentration of 4×MIC for 4 and 96 h incubation 
and was found to be at 2.069%, 1.621%, 1.428%, and 1.643% for B. subtilis, E. coli, C.albicans and Asp. 
niger, respectively. The highest crystal violet uptake for B. subtilis, E. coli, C. albicans, and Asp. niger 
was 1.881, 2.082, 2.329, and 0.982 at 4׳ MIC after treatment for 4 and 96 h, respectively. In conclusion, 
M. paradisiaca L. flower extract exhibited antimicrobial activity, which showed stability after being 
subjected to different pHs and temperatures and can be developed as a natural sanitizing agent for 
washing raw foodstuffs.
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INTRODUCTION

 Raw foods harbor several microorganisms, 
which may infect processed foodstuffs and 
commodities, leading to food spoilage. The 
majority of the microorganisms that cause food 
spoilage are bacteria and fungi.1 Food spoilage 
remains a worldwide issue, despite the food 
science and technological advancement that has 
been made in recent years. The rate of spoilage 
is mainly influenced by storage temperature, pH, 
water accessibility, inappropriate preservation, 
indigenous microorganisms, processing activities, 
transportation, and food handling practices.2 

Generally, processed foods are categorized into 
two groups depending on pH and the required 
degree of heat treatment to ensure food safety 
and biological sustainability.3

 To prevent spoilage and pathogenic 
microorganisms from growing in foods, a few 
preservation techniques have been applied in the 
food industry, such as acidification, salting, heat 
treatment, sanitizing, and drying.4,5 Sanitizers are 
often used to inhibit or decrease the volume of 
undesirable microorganisms in food to a tolerable 
range without altering the quality and safety of 
food.6 Thus, many efforts have been conducted 
to obtain natural alternatives to eliminate 
harmful microorganisms of growth in foods. 
Accordingly, plants have been considered the 
most important and privileged for their natural 
richness of antimicrobial substances.7 These plant 
components act as antimicrobials, antioxidants, 
flavor, and color enhancers. The life span and 
sensory acceptability of food products have been 
extended due to the properties of the plant agents. 
Hence, such compounds perform an indispensable 
function in prohibiting the growth of foodborne 
pathogens that leads to reduced chances of 
illness.8

 Musa paradisiaca L. flower extract has 
been reported to possess antimicrobial activity. 
The antimicrobial activity of plants’ secondary 
metabolites is considered an essential source 
of antimicrobial substances. These substances 
include but are not limited to essential oils, 
phenolic compounds, flavonoids, hexanal, hexanol, 
and alkaloids.9 These secondary metabolites 
might have direct effects on enzymes and other 
cell functions, changing the morphology of the 

microorganisms, aggregating in the cell membrane 
that leads to destabilization and damage, variation 
in membrane permeability, and cause cytoplasmic 
membrane disruption.10-13 While others cause 
membrane dysfunction and disruption or interact 
with membrane proteins leading to morphological 
and functional changes, others interact with 
protein sulfhydryl and amino groups, causing 
damage to the microbial membrane cell wall.14-16

 In this study, the antimicrobial activities 
of M. paradisiaca L. flower extracts were evaluated 
for their stability after treatment with different 
temperatures and pH on the inhibition zone 
(mm) to assess their effectiveness as a natural 
disinfectant and determine the effect of M. 
paradisiaca L. flower extract on cell constituent 
release of selected microorganisms through cell 
constituent’s release and crystal violet analysis 
and these microorganisms were B. subtilis, E. coli, 
C. albicans, and Asp. niger.

MATERIALS AND METHODS

Samples collection
 M. paradisiaca L. flower was purchased 
from Taman Pertanian University, UPM (University 
Agricultural Park). Plant taxonomic identification 
was done by Mohd. Firdaus, Botanist at the 
Institute of Bioscience (IBS), Universiti Putra 
Malaysia (UPM) under the voucher specimen 
number MFI 0207/21. The sample was analyzed 
in the Natural Medicine and Product Research 
Laboratory (IBS), UPM. The samples were washed 
and shade-dried for 10 days at room temperature. 
The dried flowers were kept at room temperature 
in sealable plastic bags before further processing.

Preparation of crude extract
 M. paradisiaca L. flower extraction 
has been carried out using the methodology 
provided by Gil et al.,6 with slight modifications. 
One hundred grams of dried M. paradisiaca 
L. flowers were ground using a Panasonic dry 
blender MK-5087M (Panasonic Corporation, 
Osaka, Japan). The grounded flowers were then 
saturated in 400 mL of 99.8% ethanol (R and M 
Marketing, Essex, UK), and placed in a shaker water 
bath (Saintifik Maju, Selangor, Malaysia) at 30°C 
overnight. Afterward, the soaked flower powder 
was vacuum-filtered using Whatman filter paper 
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No. 2 (Whatman International Ltd., Middlesex, 
England) by EYELA A-1000S aspirator pump (Tokyo 
Rikakikai Co., Tokyo, Japan). The filtrate was then 
concentrated for 3 hours at 40°C and 150 rpm, 
using a rotating vacuum evaporator Heidolph 
laborota (Heidolph Instruments GmbH & Co. KG, 
Schwabach, Germany). The crude ethanolic extract 
has been kept at 4°C before further use. 

Microbial strains and maintenance
 In this study, six strains of foodborne 
bacteria and food spoilage fungi including 
Escherichia coli ATCC 43895, Klebsiella pneumoniae 
ATCC 13773, Bacillus subtilis ATCC6633, Bacillus 
pumilus ATCC14884, Proteus mirabilis ATCC 21100, 
Bacillus megaterium ATCC14581, Aspergillus niger 
ATCC9029, Rhizopus oligosporus ATCC22959, 
Rhizopus oryzae ATCC22580, Candida albicans 
ATCC10231, Candida krusei ATCC32196, and 
Candida parapsilosis ATCC22019. The bacterial 
and fungi strains utilized in the current study were 
retained by culturing on MHA and PDA, incubated 
for 1 day (bacteria), 2 days (Candida spp.), and 3-7 
days (filamentous fungi), and stored at 4°C. 

Exposed to different pHs and temperatures
 The antimicrobial  stabil ity of M. 
paradisiaca L. flower extract was evaluated at 
different pHs following the method reported by 
Durairaj et al.,17 with few changes. In brief, the 
antimicrobial activity (disc diffusion assay) of M. 
paradisiaca L. flower extract has been exposed 
to different pHs ranging from pH 3, pH 6, pH 7, 
to pH 11 by adding 0.1 M of hydrochloric acid 
(HCl), (Merck, Darmstadt, Germany) or 0.1 M of 
sodium hydroxide (NaOH, Sigma Aldrich, United 
States), also the extracts was exposed to different 
temperatures (30°C, 50°C, and 80°C) for 15 min. 
The analysis was done in three times with three 
replications each (n = 3 × 3). The original extract 
(untreated extract) pH, with a pH of 8.86, was 
used as a control. A clear zone surrounding the 
filter discs provides evidence of microbial growth 
suppression, and their diameter was calculated in 
mm.

Cell constituent’s release analysis
 The method described by Tao et al.13 
has been employed with slight modification, to 
measure the release of cell components into 

the suspension. Concisely, cells of B. subtilis, E. 
coli, C. albicans, and Asp. niger were obtained by 
centrifugation at 3000 × g for 20 min, followed by 
three times rinsing and suspension in 0.1% PBS 
(pH 7.0). Then, the suspensions were maintained 
at 35°C (200 rpm) in an incubator shaker for 0.5, 
1, 2, and 4 h for B. subtilis, E. coli, and C. albicans, 
while Asp. niger was incubated for 24, 48, 72, and 
96 h in the presence of M. paradisiaca L. flower 
extraction at various concentrations of 0 × MIC, 0.5 
× MIC, 1 × MIC, 2 × MIC, and 4 × MIC. Samples were 
then centrifuged at 13400 × g for 15 min. UV-Vis 
spectrophotometer (Shimadzu, Kyoto, Japan) was 
used to measure the absorption of the supernatant 
at 260 nm.

Crystal violet assay
 The permeability of modified microbial 
cell membranes was determined using a crystal 
violet assay (CV) as described by Halder et al.18 
Briefly, cells of B. subtilis, E. coli, C. albicans, and 
Asp. niger were obtained through a centrifuge 
at 3000 × g for 20 min, rinsed thrice, and 
resuspended in 0.1% PBS (pH 7.0). Subsequently, 
the suspensions were incubated in an incubator 
shaker (200 rpm) at 35°C for 0.5, 1, 2, and 4 h for 
B. subtilis, E. coli, and C. albicans, where as Asp. 
niger incubated for 24, 48, 72, and 96 h in the 
presence of M. paradisiaca L. flower extraction 
at different concentrations of 0 × MIC, 0.5 × MIC, 
1 × MIC, 2 × MIC, and 4 × MIC. The suspensions 
were centrifuged at 9300 × g for 5 min. The 
harvested cells were then suspended with 1 mL 
of 0.1% PBS solution (pH 7.2) comprising 10 µg of 
crystal violet (Sigma-Aldrich, St. Louis, MO, USA). 
Next, the suspensions were directly centrifuged 
at 13400 × g for 15 min after being incubated in 
an incubator shaker (200 rpm) for 10 minutes. 
The optical density (OD) was used to measure the 
absorbance of the supernatants at a wavelength 
of 590 nm. The OD of the crystal violet solution 
was determined to be 100%. The analysis was 
conducted employing the following formula:
Crystal violet uptake (%) = (OD value of sample/
OD value of CV solution) × 100

Statistical analysis
 All experiments have been conducted 
three times, each of which has three replicates 
(n = 3 × 3). MINITAB software was used to 
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analyze the collected data by analysis of variance 
(ANOVA). Turkey’s test was used to determine the 
significance of the difference (P < 0.05) between 
the treatments. The outcomes of the replicate 
analysis have been reported as means ± standard 
deviation (SD).  

RESULTS AND DISCUSSION

Yield of extract
 The sample of M. paradisiaca L. flower 
has been extracted via the maceration method 
using 99.9% ethanol. 100 g of dried M. paradisiaca  
L. flower has been immersed into 400 mL ethanol 
solvent and yielded in semi-viscous crude that 
appears brownish with 8.023 g (v/w) for the 
first attempt and 9.531 g (v/w) for the second 
attempt, resulting in a total yield value of 8.777 
±1.045%. 

Effect of different pHs of extracts on disc diffusion 
assay (DDA)
 To find the sensitivity and stability of 
the bioactive compounds present in the M. 
paradisiaca L. flower extract, it was undergone and 
tested at different pHs. The pH is considered one 
of the most important parameters influencing the 
efficacy of the antimicrobial activities of the plant 
extract in food sanitizers.19,20 In the food industry, 
especially for freshly produced food, chlorine is 
the most used sanitizer because of its ease of use, 
low cost, complete dissolution in water, and high 
antimicrobial activity.21,22 The chlorine-based wash 
water systems pH at a pH range of 6.0 - 7.5 was 
found to have a lethal effect.23 For the application 
of a sanitizer, there are a few factors required to 
be considered, which are: the temperature at 
which the sanitizer will be used, the time duration 
at which the sanitizer will be in contact with the 
surface to be sterilized as well as the pH of the 
sanitizer.24

Table 1. Antimicrobial stability of M. paradisiaca L. flower extract at different pHs on the zone of inhibition of 
foodborne pathogenic bacteria

Strains  pH 3 pH 6 pH 7 pH 8.86* pH 11

K. pneumoniae ATCC13773 Dc7.33 ± 1.25 Bc10.00 ± 0.00 Ab11.00 ± 0.82 Cc8.83 ± 0.29 Bb10.33 ± 0.47
P. mirabilis ATCC21100 Bb9.67 ± 0.47 Ab12.33 ± 2.49 Aa12.67 ± 0.94 Bb9.50 ± 0.50 Aa12.33 ± 0.47
E. coli ATCC43895 Dd6.33 ± 0.47 Aa16.67 ± 0.94 Bc10.33 ± 0.47 Cb9.17 ± 0.76 Cc9.00 ± 0.81
B. pumilus ATCC14884 Ba10.00 ± 0.0 Bc10.33 ± 0.47 Aa12.00 ± 0.00 Cb9.67 ± 0.29 Bb10.33 ± 0.47
B. megaterium ATCC14581 Cb9.33 ± 0.94 Ab12.67 ± 0.94 Aa12.67 ± 0.94 Cb9.67 ± 0.58 Bb10.33 ± 0.47
B. subtilis ATCC6633 Cb9.67 ± 0.47 Bc10.67 ± 0.47 Ab11.33 ± 0.47 Aa10.67 ± 0.29 Ab10.00 ± 0.00

* Original pH of the M. paradisiaca L. flower extract**: Mean values ± standard deviation with different lowercase letters in 
the same column are significantly different (P<0.05). Mean values ± standard deviation with different uppercase letters in the 
same row are significantly different (P<0.05). 

Table 2. Antimicrobial stability of M. paradisiaca L. flower extract at different pHs on the zone of inhibition of 
food spoilage fungi

Strains pH 3 pH 6 pH 7 pH 8.86* pH 11

C. albicans ATCC10231 Ab7.00 ± 0.82 Ba6.33 ± 0.47 Bc6.67 ± 0.47 Bc6.43 ± 0.06 Ab7.00 ± 0.00
C. krusei ATCC32196 Ca8.00 ± 0.00 Da6.33 ± 0.47 Ba9.33 ± 0.47 Dc6.57 ± 0.06 Aa10.00 ± 0.00
C. parapsilosis ATCC22019 Bc6.33 ± 0.47 Ba6.67 ± 0.47 Ab7.67 ± 0.47 Bc6.13 ± 0.06 Ab7.33 ± 0.47
Rh. oryzae ATCC22580 Bc6.00 ± 0.00 Ba6.00 ± 0.00 Bc6.33 ± 0.47 Aa9.67 ± 0.62 Bc6.00 ± 0.00
Rh. oligosporus ATCC22959 Bc6.33 ± 0.47 Ba6.33 ± 0.47 Bc6.00 ± 0.00 Ab7.83 ± 0.62 Bc6.00 ± 0.00
Asp. niger ATCC9029 Bc6.00 ± 0.00 Ba6.33 ± 0.47 Ab7.00 ± 0.82 Ab7.00 ± 0.82 Bc6.33 ± 0.47

* Original pH of the M. paradisiaca L. flower extract**: Mean values ± standard deviation with different lowercase letters in 
the same column are significantly different (P<0.05). Mean values ± standard deviation with different uppercase letters in the 
same row are significantly different (P<0.05). 
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 Furthermore, some factors affect sanitizer 
effectiveness, and these factors are physical factors 
(surface features, time of exposure, temperature, 
and concentration), chemical elements (pH, 
water properties, and inactivators), and biological 
parameters (microbiological load).25 The value of 
original pH of the M. paradisiaca L. flower extract 
was 8.86. In general, the inhibition zones (mm) 
of all tested foodborne pathogens remained the 
same or increased following exposure to the 
treated extract (pH 3, pH 6, pH 7, and pH 11), as 
illustrated in Table 1.
 Overall, the antimicrobial activity of 
the M. paradisiaca L. flower extract after being 
treated with different pH showed stability values 
compared to the original pH of the untreated 
extract. Food spoilage microorganisms also 
showed a slight increase in the inhibition zone 
for all microorganisms after being exposed to 
the treated extract (Table 2). In general, all food 
spoilage showed the same or slight increase in 
the inhibition zone with increased and decreased 

pH values, while the filamentous fungi showed 
a decrease with increasing and decreasing pH 
values.
 The finding from this study was similar 
to that of Molan26, who stated the activity of 
bioactive compounds as an antimicrobial agent 
in the plant extract could increase in acidic 
conditions. Alternatively, the results from the 
current study were contradicted by Ammer et 
al.20 and Doughari27 study results. They found that 
the antimicrobial activities of methanolic extracts 
of Eucalyptus tereticornis and ethanolic extracts 
of Moringa oleifera and Balanites aegyptiaca 
descended once the pH has been shifted from 
acid to alkaline.17 reported a similar tendency of 
antimicrobial activity of Allium sativum extraction 
when the pH was altered. On the other hand, 
Mahfuzul et al.28 demonstrated that pH fluctuations 
extract a negligible impact on the antimicrobial 
activity of Guava and Neem extractions towards 
L. monocytogenes and S. aureus. Adeshina et 
al.29 made the same observation, finding that 

Table 3. Antimicrobial stability of M. paradisiaca L. flower extract at different temperatures on the zone of 
inhibition of pathogenic bacteria

Bacterial strains 25 ± 2°C 30 ± 2°C 50 ± 2°C 80 ± 2°C

K. pneumoniae ATCC13773 Bc8.83 ± 0.29 Aa11.00 ± 0.82 Ab11.00 ± 0.81 Ab11.67 ± 0.47
P. mirabilis ATCC21100 Cb9.50 ± 0.50 Bb10.33 ± 0.47 Ab11.00 ± 0.00 Ab11.33 ± 0.47
E. coli ATCC43895 Cb9.17 ± 0.76 Aa11.67 ± 0.47 Bc10.67 ± 0.47 Ab11.67 ± 0.47
B. pumilus ATCC14884 Cb9.67 ±0.29 Bb10.00 ± 0.82 Ab11.67 ± 0.47 Bc10.33 ± 0.47
B. megaterium ATCC14581 Cb9.67 ± 0.58 Ba11.33 ± 0.47 Aa12.00 ± 0.94 Aa12.33 ± 0.47
B. subtilis ATCC6633 Aa10.67 ± 0.29 Ab10.33 ± 0.94 Ac10.33 ± 0.47 Bd9.667 ± 0.47

Mean values ± standard deviation with different lowercase letters in the same column are significantly different (P<0.05). Mean 
values ± standard deviation with different uppercase letters in the same row are significantly different (P<0.05). 

Table 4. Antimicrobial stability of M. paradisiacaL. flowerextract at different temperatures on the zone of inhibition 
of food spoilage fungi

Fungal strains 25 ± 2°C 30 ± 2°C 50 ± 2°C 80 ± 2°C

C. albicans ATCC10231 Dc6.43 ± 0.06 Cb7.67 ± 0.47 Aa9.00 ± 0.00 Bc8.33 ± 0.47
C. krusei ATCC32196 Cc6.56 ± 0.06 Ba8.33 ± 1.25 Bb8.66 ± 0.47 Ab9.33 ± 0.47
C.parapsilosis ATCC22019 Dc6.13 ± 0.06 Ba8.33 ± 1.25 Cc7.33 ± 1.24 Aa10.00 ± 0.00
Rh. oryzae ATCC22580 Aa9.67 ± 0.62 Bc6.00 ± 0.00 Bd6.00 ± 0.00 Be6.33 ± 0.47
Rh. oligosporus ATCC22959 Bc6.13 ± 0.06 Ab7.00 ± 0.00 Bd6.00 ± 0.00 Be6.33 ± 0.47
Asp. niger ATCC9029 Ab7.00 ± 0.82 Bc6.33 ± 0.47 Bd6.33 ± 0.47 Ad7.00 ± 1.41

Mean values ± standard deviation with different lowercase letters in the same column are significantly different (P<0.05). Mean 
values ± standard deviation with different uppercase letters in the same row are significantly different (P<0.05).
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the antimicrobial activity of ethanolic extraction 
of Ficussycomorus as well as Ficus platyphylla 
towards the organisms observed at diverse pH 
levels. Generally, the antimicrobial activity of the 
M. paradisiaca L. flower extract was found to be 
significantly stable for Candida spp. In contrast, it 
decreased for filamentous fungi with increasing 
or decreasing pH values. 

Effect of different temperatures on extracts in 
disc diffusion assay (DDA)
 In this study, the effect of different 
temperatures on M. paradisiaca L. flower extract 
has been investigated. The obtained results 
showed that the antimicrobial effect of the 
ethanolic extract of M. paradisiaca L. flower that 
was exposed to different temperatures (25 ± 2°C, 
30 ± 2°C, 50 ± 2°C, and 80 ± 2°C) against all studied 



  www.microbiologyjournal.org1501Journal of Pure and Applied Microbiology

Mousa et al | J Pure Appl Microbiol. 2023;17(3):1495-1508. https://doi.org/10.22207/JPAM.17.3.12

Figure 1. Cell constituent release analysis of (a) B. subtilis ATCC6633, (b) E. coli ATCC43895, (c) C. albicans ATCC10231, 
and (d) Asp. niger ATCC9029 after being treated with M. paradisiaca L. flower extract at a concentration of 0× MIC, 
0.5× MIC, 1× MIC, 2× MIC, and 4× MIC, respectively

foodborne bacteria was affected increasingly 
except for B. subtilis ATCC6633 where it found 
to be stable at different temperatures (Table 3). 
The zones of inhibition ranged between 8.83 ± 
0.29 to 12.33 ± 0.47mm. B. megaterium showed 
the highest inhibition zone of 12.00 ± 0.94 and 
12.33 ± 0.47 mm at 50°C and 80°C, respectively, 

among the studied bacteria. On the other hand, 
the treated extracts with different temperatures 
were stable against B. subtilis with an inhibition 
zone ranging between 9.67 ± 0.47 mm and 10.67 
± 0.29 mm. The antimicrobial activity of M. 
paradisiaca L. flower extract against food spoilage 
fungi is illustrated in Table 4. The results showed a 
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similar or a slight increase in the inhibition zones at 
different temperatures where the inhibition zones 
were between 6.00 ± 0.00 to 10.00 ± 0.00 mm. Rh. 
oryzae showed decreases in the zone of inhibition 
at 30°C, 50°C, and 80°C, whereas Rh. oligosporus 
and Asp. niger showed almost similar patterns at 
different temperatures. 
 The findings were in line with those 
of Ammer et al.20 who demonstrated that the 
antimicrobial activity of Eucalyptus tereticornis 
extract remained relatively unaffected at different 

temperatures of 35, 37.5, 40, and 42.5°C. They 
suggested that the antimicrobial components of 
the extracts remained thermostable, highlighting 
the ability to employ the plant extracts at 
elevated temperatures without compromising the 
antimicrobial efficacy. Doughari27 reported that the 
antimicrobial activities of Balanites aegyptiaca as 
well as Moringa oleifera were stable after being 
treated with different temperatures. Similarly, 
Mahfuzul et al.28 noticed that the antimicrobial 
activities of Neem and Guava were not affected by 
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changes in temperature values. On the other hand, 
these findings were inconsistent with Arabshahi 
et al.30 study results, which found that the 
antimicrobial activities of drumstick leaf extraction 
after being treated under heat processing were 
significantly decreased.

Cell constituent release analysis
 The cell constituent’s release of the 
selected strains was obtained by measuring the 

absorption of the supernatants of each strain at 
260 nm. The results of cell constituent release for 
B. subtilis, E. coli, C. albicans, and Asp. niger were 
treated with M. paradisiaca L. flower extract for 
4 h and 96 h, respectively, depicted in Figure 1 (a, 
b, c, and d). The highest cell release indicated the 
highest absorbance. The cell constituent release 
for B. subtilis and E. coli was found at 2.069 and 
1.621, respectively, after being treated with 4 × 
MIC for 4 h incubation.

Figure 2. Crystal violet assay of (a) B. subtilis ATCC6633, (b) E. coli ATCC43895, (c) C. albicans ATCC10231 and (d) 
Asp. niger ATCC9029 after being treated with M. paradisiaca L. flower extract at a concentration of 0× MIC, 0.5× 
MIC, 1× MIC, 2× MIC, and 4× MIC, respectively
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 On the other hand, the highest absorbance 
of cell constituent release for C. albicans was 
1.428, which was observed after being subjected 
to extraction at 4 × MIC for 4 h incubation, while 
it was 1.643 for Asp. niger after exposure to 
the extract at 4 × MIC for 96 h incubation. The 
release of cell components means irreversible 
damage happens to the cytoplasmic membrane. 
Therefore, the obtained results indicated that 
the treated microorganisms with M. paradisiaca 
L. flower extract increased their cell constituents 
with increased extract concentration and longer 
incubation time compared to the control group 
(untreated stains).
 Research performed by Ramli et al.31 
demonstrated that the treated microorganisms 
(K. pneumoniae, S. aureus, C. albicans, and Asp. 
niger) with 4 × MIC of S. polyanthum leaves extract 
for 4 h and 72 h, respectively, found to indicated 
that the highest absorbance of cell constituent 
releases was ranged between 0.371 to 0.642. 
Compared with this study, M. paradisiaca L. flower 
extract revealed a more potent antimicrobial 
effect against the tested microorganisms, with 
constituents’ releases ranging between 1.428 to 
2.069 at the same concentration and incubation 
time. On the other hand,32 discovered that when 
a Gram-positive foodborne bacterium, B. subtilis 
ATCC6633, was treated with Trachyspermum 
ammi (L.) fruit essential oil, it induced a drastic 
reduction of 260 nm-absorbing material and freed 
potassium ions. However, such observations led 
to the hypothesis that the buildup of essential 
oil molecules inside cytoplasmic membranes 
causes an immediate loss of membrane stability 
and a cumulative increase in permeability for 
ions, which might be the basis for antibacterial 
action. A noticeable discharge of cytoplasmic 
components is often associated with severe and 
permanent distortion of cytoplasmic and plasma 
membranes.33

 Furthermore, the monitoring of the 
magnitude loss of 260-nm-absorbing substances 
was as vast as the emission of potassium particles, 
which might be indicated that the membrane 
constitutional distortion caused by B. subtilis 
ATCC6633 cells resulted in the release of cytosolic 
macromolecular molecules.34 Consequently, 
even inconsiderable alterations to the structural 
stability of cell membranes can adversely disturb 

cell metabolism, comprising the composition of 
molecules as an extrinsic toxin.32 According to 
Zhang et al.,35 the viability of cellular membranes 
can be assessed by measuring the intracellular 
component leakage and the absorption at 260 
nm of microorganisms’ supernatants. Likewise, 
the nucleic acid and protein concentrations in 
treated suspensions rose dramatically in a dose-
dependent method. Such findings suggested that 
microbial cells subjected to plant extracts suffered 
irreversible damage, and the integrity of the 
cellular membranes was drastically compromised.
 The membrane expansion often leads 
to destabilization and, consequently, leakage 
of ions.36 Furthermore, the release of 260 nm-
absorbing compounds is an indicator of cell 
breakdown and the formation of non-selective 
pores.37 The leakage of intracellular constituents 
indicates that the crucial effect of antimicrobial 
agents on the tested strains could cause some 
alteration in the plasma membrane and lead to 
pore formation.38

Crystal violet assay
 In the current study, M. paradisiaca L. 
flower extract was noticed to show a concentration- 
and time-dependent increase of crystal violet 
uptake as depicted in Figure 2 (a, b, c, and d) 
for B. subtilis, E. coli, C. albicans, and Asp. niger, 
respectively. The highest uptake of crystal violet 
in B. subtilis, E. coli, C. albicans, and Asp. niger 
were incubated at 4h and 96 h with 1.881, 2.082, 
2.329, and 0.982, respectively. Crystal violet 
hydrophobic property is well recognized for its 
poor ability to enter the exterior membranes of 
microorganisms. In contrast, it was discovered 
to permeate the microbial cells (in the presence 
of the extract that caused damage to the cell 
membrane). Subsequently, the crystal violet assay 
could be used to discover the cellular membrane 
concussion. 
 Moreover, such a study with crystal violet 
might offer helpful data on changes in membrane 
permeability.18 In this study, M. paradisiaca L. 
flower extract was found to show a concentration 
and time-dependent increase of crystal violet 
uptake in which exposure to a higher extract 
concentration and more prolonged incubation 
will lead to higher uptake of crystal violet. Some 
researchers proposed that the antimicrobial 
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constituents of the plant’s extraction, such as 
phenolics, alkaloids as well as terpenoids engage 
with proteins and enzymes of cellular membranes 
of microorganims, causing its disruption and 
dispersing protons toward the cellular boundary, 
thereby inducing apoptosis or inhibiting essential 
enzymes for the biosynthesis of amino acids.39 

Other researchers suggested that the antimicrobial 
activity of plant extractions was attributed to the 
hydrophobic nature that capacitates them to 
interact with proteins of cellular and mitochondrial 
membranes, hence disrupting their cellular 
membranes and porosity.40,41 Generally, although 
crystal violet exhibits weak penetration, it will 
be easy to enter the microbial cell when the 
membranes are damaged.38

 Also, Sutrisna et al.42 demonstrated that 
flavonoids were found in the plant leaf extract, 
which mainly contained flavanols. Flavanols are 
hydrophobic and consist of a hydroxyl group and 
phenolic rings. These flavanols easily aggregate 
in the cell membrane, thus increasing cells’ 
interaction with the protein and microbial cell wall 
to form complexes, penetrate the cellular system, 
and thus cause membrane disruption and death.43 

The observed damage to the treated B. subtilis, E. 
coli, C. albicans, and Asp. niger might suggest this 
phenomenon and prove that the effect of phenolic 
compounds in M. paradisiaca L. flower extracts 
acted on the cellular walls and plasma membranes, 
subsequently causing leakage of the cytoplasmic 
organelles.
 Besides, Mujeeb et al.,44 mentioned that 
essential oils, flavonoids, alkaloids, and terpenoids 
had an antimicrobial activity of phytochemical 
compounds such as phenolic compounds. 
Different phytochemical compounds may act 
on various sites of action with multiple modes 
of action. Among these compounds, flavonoid 
compounds have been widely reported to possess 
antimicrobial activity by disrupting membrane 
function, causing loss of cellular membranes’ 
integrity, and resulting in cellular death.45 The 
plasma membrane of macroorganisms regulates 
osmotic pressure, respiration, transportation, 
production and cross-linking of glycoproteins, and 
synthesis of lipids. The integrity of the membrane 
is required for all of these processes to be carried 
out, and its damage may directly or indirectly 

induce metabolic malfunction and the ultimate 
death of the bacterial cell.46 In addition, flavonoid 
compounds with hydrophobic character are also 
important because they enable them to attach 
and accumulate in cell membranes, increase cell 
permeability, and lead to leakage of intracellular 
constituents, including genetic material and 
other organelles, therefore causing death to the 
cells. According to Tsuchiya,47 the two processes 
regulate the interaction between flavonoids 
and lipid bilayers. The first process is linked to 
the separation of non-polar molecules in the 
hydrophobic core of membranes. 
 In contrast, the second one involves 
the development of hydrogen bonding at the 
membrane interface between polar head groups 
of lipids and hydrophilic flavonoids. Additionally, 
the nonspecific relations of flavonoids with 
phospholipids may cause structural modifications 
in membrane properties such as thickness and 
fluctuations, regulate the function of membrane 
proteins indirectly, and impact the therapeutic 
activities of flavonoids themselves.46 Moreover, 
this hydrophobicity character allows the extract 
to cross the cellular membrane and interact with 
cell components, disturbing membranes and 
intracellular enzymes.48

 Moreover, Donadio et al.49 described three 
principal mechanisms that could be responsible 
for the connection of flavonoid compounds 
with microbial membranes’ proteome. These 
mechanisms are; (1) interaction and deactivation 
of efflux pump transporters, specifically in 
bacteria; (2) physical membrane disruption and 
depolarization induced by direct contact with 
lipidic membranes, leading to the transformation 
of membrane permeability and (3) suppression of 
ATP-synthase and instability of cellular energy, by 
energy transfer.

CONCLUSION

 In conclusion, M. paradisiaca L. flower 
extract has consistent antimicrobial activity 
at different pHs and temperatures and modes 
of action against a wide range of foodborne 
pathogens and food spoilage indicating that the 
extracts could be further assess its evaluation in 
a variety of foods as a sanitizer or preservative.
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