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Abstract

Mastitis is the most frequently diagnosed disease in dairy cattle and responsible for the
major economic losses. To date, antibiotics are the most common treatment for this
disease. However, the use of antibiotic was reported to be the main contributor to milk
contamination and frequent use of this therapy will lead to microbial antibiotic resistance.
Furthermore, the antibiotic withdrawal time and mastitis therapy will cause a huge profit
loss to dairy farmers. Therefore, alternative plant-based treatments should be explored to
replace the use of antibiotics. The aim of this study was to evaluate the antibacterial
activity of Melastoma malabathricum (MM) extract against eight common bovine mastitis
pathogens isolated from a local commercial dairy farm, namely Staphylococcus aureus
(SA), Staphylococcus chromogenes (SC), Staphylococcus  haemolyticus (SH),
Streptococcus uberis (SU), Streptococcus agalactiae (RK3C), Pseudomonas aeruginosa
(PA), Klebsiella pneumoniae (HS09A) and Escherichia coli (GN9B). MM aqueous
extracts showed antibacterial activities against all pathogens, with RK3C having the
highest antibacterial efficacy at an effective extract concentration of 3.12 mg/mL,
followed by SA (6.25 mg/mL), SU (6.25 mg/mL), SH (12.5 mg/mL), PA (12.5 mg/mL),
GNO9B (12.5 mg/mL), SC (50 mg/mL), and HS09A (50 mg/mL). Most of the pathogens
(SA, SH, SU, RK3C and PA), especially Gram-positive bacteria were killed within the
half hour when incubated either with 25 or 50 mg/mL concentration of MM aqueous
extract. In this study, the results demonstrated bactericidal effect of the MM extract
against all pathogens, reflecting the potential of MM aqueous extract as new antibacterial
agent against bovine mastitis pathogens.

1. Introduction

To date, antibiotics are considered the best treatment
for bovine mastitis disease. Antibiotics either stop

al., 2022). Moreover, mastitis antibiotic treatment and
subsequent withdrawal time will lead to the loss of profit
for dairy farmers, as post-treatment milk is not
marketable.

bacteria from reproducing or destroy them by targeting
different parts of the bacteria cells. However, there is a
worldwide concern of antibiotics being overused. In the
dairy industry, antibiotics are one of the main reasons for
milk contamination and frequent use of antibiotic
therapy leads to microbial antibiotic resistance (Virto et
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Mastitis can be divided into two types of origin;
contagious and environmental (Cobirka et al., 2020).
Contagious mastitis usually caused by pathogens such as
S. aureus, S. agalactiae, and S. uberis (Sharif et al.,
2009), which are originated from the rumen, genitals

eISSN: 2550-2166 / © 2024 The Authors.
Published by Rynnye Lyan Resources


https://orcid.org/0000-0002-9820-7370
https://orcid.org/0000-0003-4690-3486
https://orcid.org/0000-0002-7054-0649
https://orcid.org/0000-0003-3775-559X
https://orcid.org/0000-0002-7165-7769

14 Tan et al. / Food Research 8 (Suppl. 3) (2024) 13 - 24

areas, and the rectal, transported to the mammary gland.
The pathogens spread when the contaminated milk is in
contact with the uninfected mammary gland during the
milking process (Petersson-Wolfe et al., 2010).
Meanwhile, environmental mastitis pathogens include K.
pneumonia, E. coli, E. aerogenes, P. aeruginosa, as well
as S. uberis. Besides these, other bacteria such as S.
aureus, S. agalactiae can also be considered as
environmental pathogens (Klaas and Zadoks, 2017).
These pathogens have been transmitted from the
environment through multiple ways, such as contagious
infected udder, poor hygiene equipment, bedding, urine,
and faeces that present from the cows’ surrounding area
(Cobirka et al., 2020). The first barrier of immune
response in the mammary gland is at the teat canal.
Sphincter in teat canal may open for two hours post-
milking. This opens an opportunity for bacteria to enter
and infect the mammary gland. According to Idriss ef al.
(2013), infections usually occur during milking or two
hours post-milking.

Initially, the pathogens damage the inner tissues of
the teat and gland cisterns within the quarter. The
bacteria then spread to the duct cells and establish
infection in the alveoli (Jones, 1998). This is followed by
the formation of abscesses that wall off certain bacteria
to avoid detection by the immune system and to prevent
antimicrobial agents from reaching the bacteria. The
destruction of alveolar and duct cells results in reduction
yield of milk. All damaged cells will clog the milk
within the mammary gland that drains the alveolar,
subsequently detected as lumps at the udder. The
activities of bacteria-host interaction will result in high
somatic cell count, destruction of mammary tissue and
might be recurrent in clinical mastitis (Jones, 1998). Due
to the ability of microbes to form abscesses and to hide
in among the host cells (Jones, 1998), it might be
difficult to kill the pathogen thoroughly as drugs might
not able to penetrate to all infected area.

Mastitis bacterial infection had caused the extensive
use of antibiotics, either intramammary or systemic
(Kromker et al., 2017). Approximately 90% of the
antibiotics usage in a dairy farm came from mastitis
treatment (Erskine et al., 2003). The frequent
prescription of antibiotics even for non-bacterial
infection, as well as unregulated use of antibiotics, was
quoted as one of the reasons for antimicrobial resistance
in dairy cattle. Subsequently, the degree of cure from
mastitis pathogens decreased to as low as 20% cure rate
only or might not be effective at all (Dingwell et al.,
2003).

Among the bovine mastitis pathogens reported to be
resistant to antibiotic are FEnterobacter sakazakii,
Klebsiella osytaca, and E. coli which has resistant to
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clavulanic acid, amoxicillin, and erythromycin
(Kovacevi¢ et al., 2021). Besides, Supre et al. (2014)’s
study also found out that a range of bacteria such as
Streptococcus spp., S. aureus, S. uberis, S. dysgalactiae,
E. coli, and Klebsiella sp. are resistant to ampicillin,
amoxicillin/clavulanic acid, tetracycline, erythromycin,
marbofloxacin, and trimethoprim/ sulfamethoxazole.
Similar research from Cheng et al. (2019)’s finding
mentioned the resistance of S. aureus, E. coli, Klebsiella
spp., and Streptococcus spp. towards penicillin,
tetracycline, clindamycin, and amoxicillin / clavulanic
acid. The research conducted by Ameen et al. (2019)
also highlighted the resistance of some main bovine
mastitis pathogens, such as S. aureus, E. coli, and P.
aeruginosa to common antibiotics (penicillin and
oxacylin).

The ability of the bovine mastitis pathogens to
develop resistance and the incidents will impact on
human and animal health had become a global problem
(WHO, 2015). There are possibilities of these antibiotic-
resistant pathogen strains being transmitted out from the
farm, eventually increasing the possibilities of these
bacteria strains and antibiotic residues entering the
human food chain (Gupta et al., 2020). Therefore, plant
based, natural based and other remedies should be
explored to substitute current antibiotics. Herbals
treatments have been found to be comparable effective as
conventional antibiotics in some situations for treating
bacterial infection (Mushtaq ef al., 2018).

To date, the use of plant metabolites as bovine
mastitis treatment in Malaysia has not been extensively
explored. Our previous research indicated that the crude
extract of our local herbs harbours the potential in
controlling mastitis. Melastoma malabathricum (MM) is
a kind of medical herb, has been reported for its
antimicrobial  (Choudhury et al., 2011), anti-
inflammation (Mazura et al., 2007) and antioxidant
activities (Kumar et al., 2013). However, MM has not
been used as a traditional remedy for bovine mastitis
even though it has been proven to harbour antimicrobial
properties against mastitis pathogens (Alwash et al.,
2013). In tropical countries, where MM can grow
widely, the plant is considered a famous medical herb
with a wide range of usage (Hanafiah et al., 2011; Gani
et al., 2020; Apridamayanti et al., 2021; Isnaini et al.,
2021; Lestari et al., 2021).

When applying drugs to livestock, there will be a
withdrawal time between the administrations and
slaughter or milking for human consumption period. The
period varied from days to weeks according to the type
of antibiotic used. In dairy industries, farmers used to
have three to 21 days of withdrawal period after
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application of mastitis antibiotics before the milk was
allowed to drink or to be released to the market.
However, as far as we are concerned, there is no reported
evidence that the herbal product applied to livestock
requires withdrawal time prior to slaughter. Furthermore,
ethno-veterinary in bovine mastitis will be the solution
for producers of organic farms that treat mastitis with a
variety of alternative remedies, such as botanical, whey-
based, vitamin supplement and homeopathy (Ruegg,
2009). Therefore, alternative therapy to antibiotics for
mastitis treatment and control must be developed, such
as the use of herbs or natural products to inhibit
microbial growth in dairy cows. This study aims to
evaluate the antibacterial activity of MM extract against
eight common bovine mastitis pathogens isolated from a
local commercial dairy farm.

2. Materials and methods
2.1 Plant materials

Fresh MM leaves were collected from the green
house at the Headquarter of Malaysian Agricultural
Research and Development Institute (MARDI), Malaysia
(location at longitude 101° 41' 26.2284" and latitude: N
2° 59.8573") where they were cultivated under semi-
controlled environmental conditions. The plant was
deposited at UPM with the voucher number SK3338/18.
Freshly harvested leaves were washed and dried in
drying oven (50°C) overnight. Dried leaves were ground
using an ultra grinder (RETSCH ZM 200 Ultra
Centrifugal Mill). The ground powder was kept in the
freezer at temperature of -20°C prior to extract.

2.2 Crude extract

The ground leaves powder was extracted using
distilled water (aqueous), hot distilled water (hot
aqueous), and 80% ethanol solvent (v/v). The crude
aqueous and 80% ethanol extracts were prepared by
soaking 80 g of the plant material in 1600 mL water and
80% ethanol solution, respectively and shake at 200 rpm
for 2 hrs. The hot aqueous extraction was done by using
boiling distilled water and continuing shake at 200 rpm
for 2 hrs. At the end of shaking, all the crude extracts
were filtered using Whatman No. 1. The solution was
freeze dried to yield the crude extract powder. The
percentage of yield was calculated based on the formula:

Percentage of Yield (%) = Dry weight of extract/Dry
weight of plant material x 100

Prior to use, the crude extracts were dissolved in distilled
water to a final concentration of 200 mg/mL.

2.3 Mastitis pathogens source

A total of eight mastitis pathogens were used in the
study. Five isolates from Gram positive bacteria which
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identified as Staphylococcus aureus (SA),
Staphylococcus chromogenes (SC), Staphylococcus
haemolyticus  (SH), Streptococcus  uberis  (SU),

Streptococcus agalactiae (RK3C) and three isolates from
Gram negative bacteria which identified as Pseudomonas
aeruginosa (PA), Klebsiella pneumoniae (HSO09A) and
Escherichia coli (GN9B)]. Three isolates, RK3C,
HS09A and GN9B from mastitis cow, were provided by
Microbial Culture Collection, Institute of Bioscience,
Universiti Putra Malaysia.

2.4 Minimum inhibitory concentration

Antimicrobial activity of the crude extract against
mastitis bacteria was assessed using microdilution
method to determine the minimum inhibitory
concentration (MIC). The herbs were diluted in sterile
distilled water to a stock concentration of 200 mg/mL.
The 96-wells microdilution cell culture plates (SPL Life
Sciences, Korea) and MH broth (Oxoid, United
Kingdom) were used as culture media for the tests. Each
well was filled with 200 pL of mixture at the different
concentrations. The initial of the first well contained 100
mg/mL of herbs extract, followed by 50, 25, 12.5, 6.25,
3.13 and 1.53 mg/mL. The inoculums density in each
well was adjusted to approximately more than 10® colony
forming unit (CFU/mL). All the samples tested were
prepared in triplicates. The plates were incubated at 37°C
for 24 hrs to determine the minimum inhibitory
concentration of herbs that inhibited the growth of
bacteria.

2.5 Minimum bactericidal concentration

The MBC is characterized as the minimum
concentration of herb samples required to kill the
bacteria after the incubation. A total of 10 pL from each
well of cultures were inoculated at MH agar (Oxoid,
United Kingdom) to define the concentration of MBC.
The lowest concentration of extract that exhibits
complete killing or inhibited the visible growth of the
microorganism was considered as the MBC.

2.6 Determination of bactericidal or bacteriostatic

The MBC/MIC ratio of the extract was calculated as
described by Mogana et al. (2020) to elucidate whether
the observed antibacterial effects were bactericidal or
bacteriostatic. When the ratio of MBC/MIC was < 4.0,
the extract was considered bactericidal or otherwise
bacteriostatic.

2.7 Time kill assay

The bactericidal concentration was tested for time
kill behaviour. Tubes that contained a mixture of sterile
MH broth, a final concentration of approximately 10°
cfu/mL inoculums suspension, and MM extract were
prepared. All pathogens were tested based on the
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concentration of MBC of MM extract. The mixture was
incubated at 37°C for 24 hrs. At the interval time of 0.5,
1,2, 4,8, 12, 16, and 24 hrs, a total of 200 pL of cell
suspension from each tube was collected for microbial
growth performance analysis. Serial dilution was
conducted before the cell was grown on MH agar. After
24 hrs, the visible colonies were counted. Experiments
were done in triplicates.

2.8 Statistical analysis

The data of each group were compared among each
treatment. Analysis of the associations between the
group was conducted using SAS software SAS/STAT®
9.4 (SAS Institute Inc. 2011). The p-value of less than
0.05 is regarded as statistically significant.

3. Results
3.1 Melastoma malabathricum leaves extract

Three types of extraction herb methods (aqueous, hot
aqueous and 80% ethanol) were successfully performed
and the yield of each MM extract is summarized in Table
1. The extraction yield obtained by conventional aqueous
method (8.48+1.15%) showed the lowest percentage
yield. Comparatively, the yield of hot aqueous extract
(19.21+0.33%) and 80% ethanol (19.50+1.52%) extract
was significantly higher (p<0.05). Extraction using hot
aqueous solution and 80% ethanol represented the
highest yield among all extraction methods.

Table 1. Extraction yield of MM by aqueous, hot aqueous and
80% ethanol extraction.

Plant Solvent Percentage of Yield (%)
A8+1.15°
Melastoma Aqueous 8.48+1.15 X
malabathricum Hot aqueous 19.21+0.33
80% Ethanol 19.50+1.52°

Values are presented as meantSD. Values with different
superscripts are statistically significantly different (p<0.05).

3.2 Pathogens strains

Pathogens were isolated from clinical mastitis milk
samples. Eight pathogens were selected as inoculums in
the study as shown in Table 2 and Figure 1. The five

pathogens isolated and were identified via 16S
sequencing were  Staphylococcus — aureus  (SA),
Staphylococcus  chromogenes (SC), Staphylococcus

Table 2. Pathogens isolated from clinical mastitis’s milk.

haemolyticus (SH), Streptococcus uberis (SU), and
Pseudomonas aeruginosa (PA) and the sequence were
deposited in NCBI GenBank with the accession numbers
as listed in Table 2.

Figure 1. Eight pathogens isolated from bovine clinical
mastitis milk were used as inoculums in the study. (a)
Staphylococcus aureus (SA) (b) Staphylococcus chromogenes

(SC), (¢) Staphylococcus  haemolyticus (SH), (d)
Streptococcus uberis (SU), (e) Pseudomonas aeruginosa
(PA), (f) Streptococcus agalactiae (RK3C), (g) Klebsiella
pneumonia (HS09A), (h) Escherichia coli (GN9B).

3.3 Antibacterial study

The effectiveness of MM extract from different
extraction methods were tested against mastitis
pathogens by measuring the minimum inhibitory
concentration (MIC). In this study, the MIC result
indicated that MM extract is effective against all eight
pathogens. The extract was more effective towards gram
positive bacteria with MBC value of <12.50 mg/mL in
SA, SH, SU and RK3C. On the other hand, SC, PA,
HS09A and GNO9B required 12.5-50.00 mg/mL MBC
values (Table 3). Hot aqueous MM extract showed
similar antimicrobial effectiveness with 80% ethanol
MM extract, and better when compared to aqueous MM
extract in inhibiting all selected pathogens. In a nutshell,
all pathogens can be inhibited by 50 mg/mL of hot
aqueous MM extract, stands a better chance as one of
potential antimicrobial agents to tackle bovine mastitis
problem. Besides, the MBC/MIC ratio was determined in

Lab ID Source Bacteria species isolated Source / NCBI accession number
SA Clinical mastitis 9259 (83) Staphylococcus aureus Clinical mastitis / OM392067
SC Clinical mastitis N49 Staphylococcus chromogenes Clinical mastitis / OM386845
SH Clinical mastitis N40 Staphylococcus haemolyticus Clinical mastitis / OM386852
SU Clinical mastitis No2 Streptococcus uberis Clinical mastitis / OM386870
PA Clinical mastitis No15 Pseudomonas aeruginosa Clinical mastitis / OM386871

RK3C Clinical mastitis Streptococcus agalactiae Clinical mastitis / UPM

HS09A Clinical mastitis Klebsiella pneumoniae Clinical mastitis / UPM

GN9B Clinical mastitis Escherichia coli Clinical mastitis / UPM

https:/doi.org/10.26656/fr.2017.8(S3).2
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the range of 1.5-2.0 and confirmed the potential of MM
herb as bactericidal agent (Table 3).

3.4 Time killed study

In the time kill study, the antimicrobial efficacy of
hot aqueous MM extracts were determined by examining
the pathogen microbes growth performance (CFU/mL) at
0.5, 1, 2, 4, 8, 12, 16 and 24 hrs under the specific
incubation time. The summary of the result was
presented in Figure 2 in terms of log;o CFU/mL of viable
colonies changes, which indicated the MM extract has
bactericidal activities. The bactericidal activity was
defined as being equal to log;y CFU/mL or more
reduction in the viable colony from the initial inoculums
(Scheetz et al., 2007). Most of the Gram positive
bacteria, which are SA, SH, SU and RK3C were killed at
the first half hour of incubation time in both 25 and 50

mg/mL  concentration of MM extract. At the
concentration of 25 mg/mL MM extract, the SC, PA,
RK3C, HS09A and GN9B showed 100% potent killing
effect after incubated for > 24, 4, 0.5, 24 and 24 hrs,
respectively. However, by increasing the MM extract
concentration to 50 mg/mL, the SC, PA, RK3C, HS09A
and GN9B were killed at shorter periods of time, which
were 12, 0.5, 0.5, 8 and 12 hrs, respectively. Based on
overall results, this finding indicated MM extract at the
concentration of 50 mg/mL was effective to control the
viability of all eight pathogens.

4. Discussion

Due to negative impacts from the use of antibiotics,
scientists had been working very hard in the search for
substitutes to antibiotics. The utmost important criteria
are the issue of antimicrobial resistance. In the long run

Table 3. The MBC and MIC of crude extract of MM from aqueous, hot aqueous and 80% ethanol extraction against different

clinical mastitis pathogens.

Type solvent
MBC4SE (mg/ml)
MICZSE (mg/ml)

Pathogens (MBC / MIC ratio)

Bactericidal (BC); Bacteriostatic (BS)

Aqueous Hot aqueous 80% ethanol
12.50+0.00 6.25+0.00 3.123+0.00
6.2540.00 3.12+0.00 1.56+0.00
Staphylococcus aureus (SA) 2 2) @)
(BO) (BO) (BO)
100.00+0.00 50.00+0.00 50.00+0.00
Staphylococcus 50.00+0.00 25.00+0.00 25.00+0.00
chromogenes (SC) (1.5) (2) 2)
(BO) (BO) (BO)
6.25+0.00 6.254+0.00 12.50+0.00
Staphylococcus 3.124+0.00 3.124+0.00 6.25+0.00
haemolyticus (SH) ) ) 2
(BO) (BO) (BO)
3.12+0.00 3.12+0.00 3.12+0.00
Sreptococcus uberis (SU) 1.56+0.00 1.56+0.00 1.56+0.00
2) () )
(BO) (BO) (BO)
25.00=0.00 12.50+0.00 12.50+0.00
Pseudomonas 12.50+0.00 6.25+0.00 6.25+0.00
aeruginosa (PA) 2) () 2
(BC) (BC) (BC)
6.25+0.00 3.12+0.00 3.12+0.00
Streptococcus agalactiae 3.124+0.00 1.56+0.00 1.56+0.00
(RK3C) ) @) 6)
(BO) (BO) (BO)
50.00+0.00 25.00+0.00 50.00+0.00
Klebsiella pneumonia 25.00+0.00 12.50+0.00 25.00+0.00
(HS09A) ) o) 6)
(BO) (BO) (BO)
50.00+0.00 25.00+0.00 25.00+0.00
Escherichia coli (GN9B) 25.00+0.00 12.50+0.00 12.50+0.00
@) @) @)
(BC) (BC) (BC)
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Figure 2. Time kill curves of 25 and 50 mg/mL of MM

of antibiotics application, it was proven that bacteria tend
to develop antimicrobial resistance in mastitis
treatment’s drugs (Gupta et al., 2020). Besides, in drug
application on the livestock, there will be a withdrawal
time between the administrations and slaughter or
milking for human consumption period. The period
varied according to the type of products. In dairy
industries, farmers used to have several days of
withdrawal period after application of mastitis antibiotics
before the milk was allowed to drink or sell (Martins et
al., 2016).

Comparatively, plant based antimicrobial and plant
essential oil, which have varied modes of actions by the
presence of multiple active compounds, which is less
likely to stimulate resistance in bacteria when compared
to the antibiotics that are mainly isolated specific active
compound (Cos et al., 2006; Langeveld et al., 2014).
Interestingly, plants can modulate the immune response,
apoptosis, and signal transduction from time to time, as
they have the ability to prevent protein interaction
(Koehn and Carter, 2005). Bacteria have the difficulties
to develop resistance in complex phytochemicals in plant
extracts as plant phytochemicals will change accordingly
to adapt when the surrounding change in order to survive
under conclusive environment. One such plant, MM is a
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hot aqueous extract against bovine mastitis pathogens.

well-known medicinal herb for its antimicrobial
(Choudhury et al., 2011), anti-inflammation (Mazura et
al., 2007) and antioxidant activities (Kumar et al., 2013).
However, MM is not being explored yet for bovine
mastitis study and its antimicrobial properties against
some mastitis pathogens were investigated in this study.

4.1 Melastoma malabathricum leave crude extracts

The effectiveness of antimicrobial properties of
crude MM extracts were compared among three different
extraction methods, namely aqueous, hot aqueous and
80% ethanol. The yield of hot aqueous extraction is
similar to the yield of 80% ethanol extraction but showed
higher yield than aqueous extraction technique (Table 1).
During hot aqueous MM extraction, the temperature of
water was increased to manipulate the dielectric constant
to imitate organic solvents. The physicochemical
properties change significantly as the temperature
increases. The dielectric constant, viscosity, and surface
tension decrease, while the diffusion coefficient is
improved (Zhang et al., 2020). The water dielectric
constant (e 80) was decreased to value nearer to
ethanol (¢ = 24) (Vergara-Salinas et al., 2015). The
changes of the dielectric constant make it capable of
extracting more constituents from MM, thus contributing
to a better extraction process (Zhang et al., 2020). This

© 2024 The Authors. Published by Rynnye Lyan Resources
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characteristic of subcritical water allows it as the sole
extraction fluid without the involvement of harmful or
costly co-solvents, such as methanol, and acids.
Considering its cost-effectiveness, environmental benign,
non-toxic, non-flammable, and pollution prevention, for
living beings, hot aqueous extraction was the best
solution recommended in the study. This technique
maintains the processes as green chemical extraction, as
it only involves aqueous as nontoxic solvent. Solvents
such as methanol, ethanol, n-hexane, petroleum ether,
diethyl ether, chloroform, ethyl acetate, and glycerol are
frequently used to speed up the extraction process and
decrease extraction time, but these organic solvents are
flammable, volatile, costly, and harmful (Cheng et al.,
2021), which are not advisable to use.

4.2 Mastitis pathogens and antibacterial study

The present study found that Gram negative bacteria
were particularly more resistant to hot aqueous MM
extract when compared to Gram positive bacteria. In
fact, almost all Gram positive pathogens in the study
(SA, SH, SU and RK3C), were killed within the first 30
mins at the concentration of 25 mg/mL, as opposed to
Gram negative pathogens (PA, HS09A and GN9B)
which took 4-24 h (Figure 2). This phenomenon can be
explained by the presence of the hydrophilic surface at
the outer membrane of Gram negative bacteria, which is
composed of lipopolysaccharides compounds provide a
barrier to penetration. Furthermore, the presence of
enzymes in the periplasmic space can break down any
unknown molecule from outside. The presence of outer
membrane permeability barrier of Gram negative
bacteria limits the access of the antimicrobial agents to
the target in the bacterial cell (Tavares et al., 2020) and
provides an explanation on why Gram positive bacteria
are more sensitive than Gram negative bacteria.

Based on the chromatography analysis from previous
studies, many bioactive compounds of MM have
identified includes flavonoids, saponin, tannins, steroid,
terpenoid and some detected alkaloid (Sarbadhikary et
al., 2015; Hainil ef al., 2021; Mayasari et al., 2021). The
presence of hydroxyl groups in different rings of
flavonoid compounds in MM extract was reported
efficiently against Gram positive bacteria (Alwash et al.,
2013). This might explain why the extracts are more
effective against Gram positive bacteria (Table 3). The
interaction depends on the position and number of
hydroxyl groups. The flavonoid derivative in the
hydroxyl group in the B ring is more active against
microorganisms than in the 2-hydroxyl group (Maftuch
et al., 2016), which suggests that the target of this
component is a lipophilic compound that can penetrate
through bacterial membrane. Flavonoids can form
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complexes with soluble extracellular proteins or bacterial
cells and reduce the membrane fluidity of bacteria cells
in the upper part of the membrane by entering the
interior of lipid bilayers in the inner membrane,
subsequently damage the cell wall membrane and lysed
the cells (Tsuchiya and linuma, 2000; Ulrih et al., 2010;
Bilal et al., 2017). Through the microscopic images,
Alwash et al. (2013) revealed that the shapes and
membranes were badly ruptured, with the loss of
integrity after being treated by flavonoids.

Saponins, another common bioactive component
found in MM. It has strong haemolytic agents and
exhibits soap-like properties (Hainil er al., 2021).
Saponins increase the permeability of bacteria cell
membranes by binding to the outer membrane (Jacob et
al., 1991; Arabski et al., 2009) and degrading the cell
wall, subsequently disrupting the proteins and cytoplasm
membrane. Eventually, bacteria will be killed after the
cell content being exposed as a consequent of cell wall
degradation (Dong et al., 2020). On the other hand, the
antimicrobial metabolism of tannins is associated with
microbial adhesion inactivation, whereby the enzyme
cell enveloped transport protein, caused toxicity in
bacterial filaments, and binds to protein walls to inhibit
bacterial growth (Pandey and Kumar, 2013). Tannins
could pass through the cell wall to reach the internal
membrane of bacteria and interfere the cells
metabolisms, and ultimately destroy the bacterial cell.
Besides, tannins also inhibit the adhesion of bacteria to
surfaces (Vance et al., 2011). The lack of the surface
attachment will result in bacteria cell death. In addition,
bacteria cell growth is limited by tannins by amino acid
inhibition and sugar uptake (Pandey and Negi, 2017).
Alkaloids, another antibacterial agent, can intercalate
with double helix DNA and uncouple respiration (Bilal
et al., 2017). This component can also interfere with the
integrity of the peptidoglycan component of bacterial
cells and cause killing effect (Hainil ez al., 2021).

Staphylococcus, such as SA, SC and SH are common
mastitis pathogens. SA is well known as toxin-producing
mastitis pathogens that destroys the cell membranes and
has the ability to destroy milk-producing tissue. Besides,
SA mediate the antioxidant enzyme, such as superoxide
dismutase, pigment and catalase to neutralize reactive
oxygen species (ROS) and reactive nitrogen species
(RNS) from host body (Foster, 2005), as well as to
degrade the antimicrobial protein (aureolysin and
staphylokinase) (Sieprawska-Lupa et al., 2004; Jin et al.,
2004). Alwash et al. (2013) reported similar research
finding with MIC 1.56 mg/mL of methanol crude extract.
This was in line with our study, which reported the MIC
value of 1.56+0.00 mg/mL for ethanol MM extract.
However, two other studies reported higher MIC value
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using methanol extracts, which were 3.0-7.0 mg/mL
(Sunilson et al., 2008) and 6.25 mg/mL (Das et al.,
2021) when compared to our hot aqueous MM extract
(3.12£0.00 mg/mL). Besides, S. agalactiae was
inhibited with 1.25 mg/mL of ethanol MM extract
(Alnajar ef al., 2012). The hot aqueous and 80% ethanol
extraction used in this study also showed potent killing
towards the RK3C with the MIC value of 1.56+0.00 mg/
mL. Past studies showed that methanol and ethanol have
been extensively used as extraction solvents for various
plants and plant-based foods. In our current study, hot
aqueous MM extract showed the same inhibition effect at
the similar or lower concentration against pathogenic
microbes.

Other Gram negative pathogens, such as
Pseudomonas and Escherichia, are also commonly found
in mastitis. Gram negative bacteria are hardly to be killed
by antibacterial agents due to the presence of their outer
membrane that consists of lipopolysaccharides
compounds (Taveres ef al., 2020). In this study, the hot
aqueous and ethanol MM extract showed a MIC value of
6.25+0.00 mg/mL against PA. However, methanol crude
extract from Alwash et al. (2013)’s study showed
inhibition effect at a low MIC value of 1.56 mg/mL,
While Sunilson et al. (2008) reported higher MIC value
of methanol extract (8.0+0.0 mg/mL) as opposed to this
study. Escherichia, especially E. coli is responsible for a
high proportion in clinical mastitis cases (Verbeke et al.,
2014). It was found highly in organic material such as
bedding and manure, which indicated E. coli is one of
the most commonly environmental pathogens in mastitis
(Rangel, 2009; Liu et al., 2018). On the other hand, our
study showed higher MIC value (12.50+0.00 mg/mL) of
GNOIB using hot aqueous MM extract when compared
with the experiment done by Das et al. (2021) using
methanol extract (MIC: 3.125 mg/mL) in inhibiting the
growth of E. coli. Nevertheless, the MM crude extract
still proven comparable effective and some showed
better in MIC value when compared with other similar
studies.

Our MM crude extract showed potential bactericidal
effect for all tested pathogens. MM using aqueous
extraction was less effective and recorded the highest
value of MIC/MBC for SA (MIC/MBC: 6.25/12.50 mg/
mL), SC (MIC/MBC: 50.00/100.00 mg/mL), PA (MIC/
MBC: 12.50/25.00 mg/mL), RK3C (MIC/MBC:
3.12/6.25 mg/mL), HSO09A (MIC/MBC: 25.00/50.00 mg/
mL), and GN9B (MIC/MBC: 25.00/50.00 mg/mL). MM
crude extract using 80% ethanol was more effective in
killing SA (MIC/MBC: 1.56/3.12 mg/mL) compared to
the other extracts. In contrast, SH and HS09A (MIC/
MBC: 3.12/6.25 mg/mL and 12.5/25.00 mg/mL,
respectively) was more susceptible to hot aqueous MM
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extract. Overall, hot aqueous and 80% ethanol MM
extracts have similar MIC and MBC reading to cause
potent killing effect on SC (MIC/MBC: 25.00/50.00 mg/
mL), SU (MIC/MBC: 1.56/3.12 mg/mL), PA (MIC/
MBC: 6.25/12.50 mg/mL), RK3C (MIC/MBC: 1.56/3.12
mg/mL), and GN9B (MIC/MBC: 12.50/25.00 mg/mL).
This study finding has suggested that both hot aqueous
and 80% ethanol MM extract were comparable effective
and showed better inhibition effect than aqueous MM
extract. Therefore, crude extract from hot aqueous
extraction was chosen to be proceeded to time kill assay
since it was the best choice as non-toxic extraction when
compared to other organic solvents.

4.3 Time kill study

In this time kill study, hot aqueous MM extract was
chosen to determine the optimal time of causing 100%
inhibition among all mastitis pathogens tested.
Generally, seven of the eight pathogens (except SC),
were killed within 24 hrs at the dosage of 25 mg/mL of
hot aqueous MM extract (Figure 2). However, a higher
concentration is needed to inhibit all the pathogens that
might exist in the intramammary glands. Therefore, 50
mg/mL of hot aqueous MM extract was suggested to be
used in a time kill test to check on its efficacy level. As a
comparison, pathogens such as SA, SH, SU, PA, and
RK3C were killed almost immediately within the first 30
minutes after exposed to hot aqueous MM extract.
However, HS09A was only killed after eight hours of
exposure, while none of SC and GN9B grew after 12 h
of incubation. In general, the time kill assay concluded
that all mastitis pathogens can be killed within 12 h using
50 mg/mL of hot aqueous MM extract. In other words,
hot aqueous MM extract exhibits great potential as a
plant-based substitute for mastitis drugs with the
recommendation dosage of 50 mg/mL at the frequency
of 12 to 24 hourly treatments.

4.4 Bacteriostatic and bactericidal

All this while, scientists believed bactericidal agents
are more effective in controlling pathogens as opposed to
bacteriostatic agents, stopping bacteria from reproducing
instead of killing them. However, almost all antibacterial
agents are potential to be both Dbacteriostatic and
bactericidal. A report by Wald-Dickler et al. (2018)
indicated that bacteriostatic agents can play a role in
bactericidal at a higher concentration. Therefore, the
evidence showed that both agents are similar in terms of
efficacy in human medicine (Wald-Dickler et al., 2018).
In the case when bactericidal are more effective, it is
more likely that bacteriostatic agents are inadequate
dosing for the infection. On the other hand, if the
bacteriostatic was chosen, that would usually be more
cost effective than the bactericidal agent.
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5. Conclusion

Extracts of MM, a traditional medical plant can be
easily grown at biodiversity rich areas in Malaysia,
provide a potential source of natural antibacterial agents
for bovine mastitis treatment. At the concentration of 50
mg/mL, MM extract has been shown to effectively
inhibit a wide range of common mastitis pathogens
within 12 hrs in-vitro. Furthermore, the extract can be
obtained through hot water extraction, make it more
compatible to be applied on dairy cows. Therefore, it
was suggested that this effective concentration can be
used for field testing on real mastitis-infected dairy cow
models.
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