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Abstract

This study was conducted to determine the in vitro antibacterial effect of an ethanolic Morus alba L. (mulberry) leaf extract
against Escherichia coli and Staphylococcus aureus isolated from mastitis dairy cows and against E. coli ATCC 25922 and
S. aureus ATCC 25923 reference strains. The antibacterial efficacy was evaluated by a microdilution method to determine
the MIC, MBC, and a time-kill assay by using azithromycin as a positive control. The data were analyzed nonparametric
tests with a significance level of p<0.05. The quercetin content of the mulberry leaf extract was 83.187 + 0.272 pg/g dried
plant material, as determined by HPLC. The extract had MICs of 10, 20, 10, and 10 mg/mL and MBCs of 20, 20, 20, and 10
mg/mL for E. coli ATCC 25922, E. coli ECCM62, S. aureus ATCC 25923, and S. aureus SACMG62, respectively. Quercetin
had relevant MIC of 10 mg/ml and MBC of 20 mg/mL to the extract for both ATCC strains. Time-kill tests showed a
complete elimination of S. aureus ATCC 25923 and S. aureus SACM62 after a 30-min exposure to 10 and 20 mg/mL M.
alba extract. E. coli ATCC 25922 and E. coli ECCM62 showed reductions of 6.8 log CFU/mL after a 360 min exposure to
40 mg/mL M. alba extract. In this study, the inhibitory effect was stronger against S. aureus than against E. coli (p<0.05).
Overall, the M. alba L. extract showed appreciable in vitro antibacterial efficacy against mastitis-causing E. coli and
S. aureus strains and against reference ATCC strains.
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INTRODUCTION

Mastitis i1s a common health problem that affects milk quality and
production in dairy cows and causes global economic losses (Royster and
Wagner, 2015; Bi et al., 2016). Escherichia coli and Staphylococcus aureus are
major pathogens causing bovine mastitis. The worldwide prevalence of mastitis
varies depending on the pathogen. In Brazil, it is 70.3% for S. aureus (Mesquita
et al., 2019); in Thailand, it 1s 7.3% for S. aureus (Kampa et al., 2009); in China,
it is 28.6% for E. coli (Bi et al., 2016); and in clinical healthy cows, it is 6.6%
for E. coli (Cervinkova et al., 2013). However, conventional antibiotic therapy
results in intractable antibiotic residues and antibacterial resistance, raising
public health concerns (Lee et al., 2018; Meade et al., 2019). Herbal medicine,
as an alternative treatment approach to overcome this health issue, has been
well recognized in various research models and in studies on the application of
medicinal plants and herb extracts in animal health management (Manyi-Loh
et al., 2018; Rahman et al., 2018).

One plant with phytopharmacological potential is mulberry, a member
of the Moraceae (genus Morus L., species M. alba, M. rubra, M. nigra,
M. indica, M. australis, and M. cathayana) (Hussain et al., 2017; Rohela et al.,
2020). Mulberry has been well regarded as multipurpose plant due to recognition
of its role in environmental safety as a medicinal plant (Rohela et al., 2020).
The leaves of M. alba L. contain many pharmaceutically active substances,
including a high abundance of flavonoid compounds, such as quercetin, rutin,
kaempferol, and kuwanol, as well as phenolic acids (e.g., ferulic acid, gallic
acid) (Hussain et al., 2017; Lin et al., 2017). Mulberry also has economic
importance for the sericulture industry, as it is traditionally used to feed
silkworms in Asia (Lamberti et al., 2019). Previous studies have demonstrated
several medicinal properties of mulberry plants, including antihyperglycemic
(Chen et al., 2018), antioxidant (Polumackanycz et al., 2019) and antibacterial
(Abdel-Hamid et al., 2017) activities. Extracts of M. alba L. leaves have also
shown beneficial effects against bacteria isolated from humans, such as
S. aureus and E. coli (minimum inhibitory concentration [MIC] 0.32 mg/mL
and minimum bactericidal concentration [MBC] 0.64 mg/mL) (Abdel-Hamid
et al., 2017). A study of leaf extracts from two Morus species (M. alba and M.
rubra L.) showed effects against gram-negative and gram-positive bacterial
ATCC strains, including S. aureus, S. epidermidis, S. pyogenes, E. faecalis,
Propionibacterium acnes, E. coli, P. aeruginosa, Acinetobacter baumannii,
Proteus mirabilis, and K. pneumoniae, with MIC and MBC values of
15.75-252.00 mg/mL (Miljkovic et al., 2018). However, information from
cattle-related models is extremely limited.

Therefore, the aims of this study were to determine the major bioactive
compounds in a M. alba leaf extract using high performance liquid
chromatography (HPLC) and to establish the antibacterial efficacy (MIC,
MBC, and time-kill) of mulberry leaf extracts against mastitis-causing
S. aureus and E. coli strains.
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MATERIALS AND METHODS

Ethics consideration

The current study complied with the ethical guidelines for animal care
and use and approved by the Instructional Animal Care and Use Committee of
Khon Kaen University, Khon Kaen, Thailand; Record no. IACUC-KKU-31/63.

Preparation of ethanolic M. alba L. leaf extract

The M. alba L. leaves were obtained from Khon Kaen Province and
were identified with a voucher specimen (X. Phengvongsone 01), which was
deposited in the Khon Kaen University Herbarium. The mulberry leaf extract
was prepared by extraction in 95% ethanol (Peanparkdee, 2016; Pulbutr et al.,
2018). Briefly, the leaves were washed, chopped, dried, ground into a coarse
powder, and then macerated in 95% ethanol for 7 days. The macerate was
filtered through muslin cloth and Whatman No. 1 filter paper under a 20 in Hg
vacuum pressure. The ethanol in the liquid filtrate was removed using a rotary
evaporator (Heidolph model MXO7R-20-HD2E, USA) at 160 rpm and 50 °C
for 30—50 minutes. The crude extract was subsequently freeze-dried (Scanvac
CoolSafe™ model 110-4, Denmark) and stored at -20 °C until use. The
percentage yield of the freeze-dried extract was determined by the following
formula: (weight of freeze-dried extract/weight of dry chopped leaves) x100.

Chemical analysis of M. alba L. crude extract

The mulberry leaf crude extract was analyzed by HPLC (Tallini et al.,
2015). Briefly, 0.1 g of the freeze-dried extract was thoroughly dissolved in 10
mL boiling deionized water, mixed for 15 min, and then filtered (Whatman No.
1 paper). The filtrate was partitioned with 20 mL ethyl acetate three times,
centrifuged (NUVE NF 800R, Turkey) at 3,650xg for 5 min, evaporated at
50 °C, and subsequently dissolved in 1 mL methanol and 14 mL 37% (v/v)
HCI. The sample was then hydrolyzed in an ultrasound bath for 2 h, partitioned
with 20 mL dichloromethane three times, and centrifuged at 3,650xg for 5 min.
The organic phase was evaporated, dissolved in 5 mL methanol, filtered through
a 0.45 pm nylon syringe filter, and injected into the HPLC without dilution
(model LC20A, Shimadzu Corporation, Japan). The HPLC system was
equipped with a C18 reversed-phase column (GL Sciences Inc., Inertsil®
ODS-3, 5 um, 4.6 x 250 mm, Japan) and a guard-column (C18) held at a
temperature of 35 °C, an ultraviolet (UV) detector (UV/VIS Waters 2487,
USA) set at 370 nm, and a photodiode array detector (UV/VIS Waters 996,
USA) run under the general-purpose mode on a Thermo Scientific Hypersil
column to evaluate the specificity.

The mobile phase consisted of solution A (deionized water containing
0.01% (v/v) trifluoroacetic acid), and solution B (acetonitrile containing 0.08%
(v/v) trifluoroacetic acid). It was passed through a 0.2 pm filter membrane and
run at a flow rate of 0.6 mL/min, using the following gradient profile: 0 min at
50% B, 0-2 min at 60% B, 2—4 min at 80% B, and 4—7 min at 95% B. Authentic
quercetin (1 mg) was dissolved in 1 mL methanol as a stock solution and stored
in dark glass bottles at 4 °C. An analytical curve was prepared using a S-point
calibration at 20, 40, 60, 80, and 100 pg/mL of standard quercetin (HPLC
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grade, Sigma-Aldrich, USA) in methanol and mobile phase. The standards
were filtered through 0.45 pm nylon syringe filters and injected into the HPLC.
The phenolic compound concentrations were calculated from the retention
time and peak area.

Bacterial strains

Four pathogenic bacterial strains, including two field isolates (E. coli
ECCM62 and S. aureus SACM62) and two reference strains (E. coli ATCC
25922 and S. aureus ATCC 25923), were selected for this study. The field
isolates were derived from mastitis milk from dairy cows that were primarily
recruited using the California mastitis test (Hendrix and Sirois, 2007). The
mastitis bacteria were microbiologically isolated and identified according to
the method described previously (Quin et al., 2001). Briefly, 0.01 mL of the
milk sample was cultured on 5% defibrinated sheep’s blood agar and
MacConkey’s lactose agar plates at 37 °C for 18-24 h.

The isolates were further identified by molecular identification as S.
aureus and E. coli. Single colonies of each bacterial isolate were selected for
molecular identification (Quin et al., 2001; Wang et al., 2002; Strommenger et
al., 2003). Genomic DNA was extracted using a GF-1 bacterial DNA extraction
kit (Vivantis Technologies Sdn Bhd, Malaysia), according to the manufacturer’s
protocol. The E. coli and S. aureus 16S rRNA genes were amplified using the
primers (Strommenger et al., 2003; Wang et al., 2002) synthesized by
Humanizing Genomics macrogen, Korea. All PCR reactions were performed
using 2xTaq Master Mix (Vivantis Technologies Sdn Bhd, Malaysia) in a
thermal cycler (Bibby Scientific™ Techne™ TC-512 Gradient Thermal Cycler,
UK). PCR amplicons were submitted for sequencing to Barcode Taq Sequencing
by CELEMIC (The NGS-Based Sequencing Technology, Celemic, Korea), and
then analyzed using the Basic Local Alignment Search Tool (BLAST) to search
for biological sequence homology between E. coli or S. aureus in the GenBank
database (The National Center for Biotechnology Information). The 16S rRNA
gene sequences were aligned using CLUSTALW and a phylogenetic analysis
was also performed according to modified Kumar et al. (2016) and Fahim et al.
(2019) wusing neighbor-joining approach and 500-bootstrap consensus
replication method based on 16S rRNA genes for S. aureus and E. coli strains
in MEGA version 11 software.

The selected field isolates of E. coli ECCM62 and S. aureus SACM62
possessed 16S rRNA genes with high homology (>99% similarity) compared
to gene sequences in GenBank database — S. aureus (MK945592.1 and
NBNF01000010.1) and E. coli —(MK503655.1 and KY095112.1) and
published gene sequences for E. coli (Fahim et al., 2019) and S. aureus
(Takahashi et al., 1997) strains, respectively, isolated from mastitis in dairy
COWS.

Determination of MIC and MBC of M. alba L. Leaf Extract
The antibacterial activity of the M. alba L. leaf extract was determined
using a broth microdilution method and was reported as MIC and MBC
(Budiman et al., 2017). Briefly, stock solutions of herbal extract and quercetin
were prepared by dissolving the agents in 25% (v/v) dimethyl sulfoxide
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(DMSO) to give a final concentration of 160 mg/mL. A 100 puL volume of
Mueller Hinton broth (MHB) was loaded into each well of a 96-well
round-bottomed microliter plate (Costar, Corning Inc., USA). The extract was
then prepared as twofold serial dilutions of 40, 20, 10, 5, 2.5, 1.25, 0.625,
0.312, 0.156, and 0.078 mg/mL in triplicate. DMSO (0.006-52.5 pL/mL) and
azithromycin (0.32-0.000625 mg/mL) were also used as the negative and
positive controls, respectively. A 10 pL volume of the desired bacterial
suspension, which had been adjusted to a 0.5 McFarland turbidity standard
reading (approximately 1.5 x 108 CFU/mL), was added to each well, and the
plate was covered with a lid and incubated at 37 °C for 24 h. The lowest extract
concentration that showed no visible bacterial growth was considered the MIC.
The MBC was determined by streaking the suspension in the 96-well plate that
represented the MIC on MHB and incubating at 37 °C for 24 h. The MBC was
recorded as the lowest concentration with no detectable bacterial growth.

Determination of antibacterial activity by the time-kill Kinetic

method

The antibacterial activity of the M. alba L. extract was determined
against the four selected bacteria using a time-kill assay (Appiah et al., 2017).
In brief, the extract was used at 1 x MIC and 2 x MIC concentrations for
varying lengths of time. Three tubes were prepared for each tested strain (one
growth control containing normal saline and two tubes containing the leaf
extract). A 5x10® CFU/mL log-phase inoculum was added to each tube, along
with MHB. The bacterial viability was determined at 8 time points (after 1, 5,
15, 30, 60, 120, 180, and 360 min incubations). Bacterial growth in each tube
was determined by performing three consecutive 1:10 (v/v) dilutions of 0.1 mL
aliquots from each tube with MHB, plating them, and incubating the plates at
37 °C for 24 h. Plates with 30-300 colonies were counted, and the kill rates
were plotted as log10 viable counts (CFU/mL) versus time.

Statistical analysis

All statistical analyses were performed using the Statistics Package for
the Social Sciences (SPSS version 26.0, IBM SPSS Statistics; USA).
Nonparametric tests (independent-samples Mann-Whitney U test) were used
to compare the MIC or MBC between E. coli and S. aureus. A value of
p<0.05 was considered statistically significant.

RESULTS

Yield of M. alba L. leaf extract
After a 7-day maceration in 95% ethanol (v/v), the extract yield for all

M. alba L. leaves in this study was 11.29%.
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Quercetin determination in M. alba L. Extract

Quercetin was an active flavonoid substance found by HPLC analysis
of the crude leaf extract and was extracted with a yield of 83.19 £ 0.27 pg/g of
dried plant (Figure 1).
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Figure 1 Chromatograms of quercetin by HPLC (Shimadzu model LC-20A)
at 370 nm; (A) Quercetin standard, and (B) Quercetin in M. alba L. leaves
crude extract.

Antibacterial activity by determination of the MIC and MBC

The M. alba L. leaf extract had antibacterial activity against field and
ATCC bacterial strains, as confirmed by the MIC and MBC values shown in
Table 1. The MIC and MBC were both 20 mg/mL for the E. coli ECCM62
mastitis isolate and 10 and 20 mg/mL, respectively, for the E. coli ATCC 25922
strain, whereas the MIC and MBC were both 10 mg/mL for the S. aureus
SACM62 mastitis isolate and 10 and 20 mg/mL, respectively, for the S. aureus
ATCC 25923 strain. The extract and quercetin had similar MIC and MBC
values for both ATCC reference strains. The MIC and MBC values differed for
the different pathogens, as shown by asymptotically significant p-values <0.05.
The inhibitory effect was stronger against S. aureus than against E. coli
(p<0.05).

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 522




VETERINARY INTEGRATIVE SCIENCES

Table 1 Antibacterial activity of M. alba L. leaf extract, azithromycin, and quercetin against E. coli and
S. aureus pathogenic strains.

M. alba L. leaf extract Azithromycin Quercetin
Bacteria (mg/mL) (mg/mL) (mg/mL)
MIC MBC MIC MBC MIC MBC
E. coli ECCM62 20 20 0.04 0.04 n/a n/a
E. coli ATCC 25922 10 20 n/a n/a 10 20
S. aureus SACM62 10 10 0.005 0.005 n/a n/a
S. aureus ATCC 25923 10 20 n/a n/a 10 20

MIC = minimal inhibitory concentration, MBC = minimum bactericidal concentration n/a = not applicable

Antibacterial activity by the time-kill kinetic method

Time-kill analysis was performed to evaluate the kinetic killing profile
of the M. alba extract at 1 x MIC and 2 x MIC concentrations following
treatment of S. aureus and E. coli for 0, 1, 5, 15, 30, 60, 180, and 360 min. The
killing ability of the leaf extract showed time dependence for all four bacterial
strains. The bactericidal effects of the leaf extract on E. coli ATCC 25922 and
the E. coli ECCM62 mastitis isolate are shown in Figure 2. The log reductions
after a 360 min exposure to 20 and 40 mg/mL M. alba were 5.1 and 6.8 log
CFU/mL, respectively, for E. coli ATCC 25922 and 3.9 and 6.8 log CFU/mL,
respectively, for the E. coli ECCM62 mastitis isolate. The effects on S. aureus
ATCC 25923 and the S. aureus SACM62 mastitis isolate are shown in Figure 3.
The reduction rates after a 30 min exposure to 10 and 20 mg/mL leaf extract
were 100% for both S. aureus ATCC 25923 and the S. aureus SACM62 mastitis
isolate, indicating that the antibacterial ability of the M. alba leaf extract was
more effective against S. aureus than against E. coli in terms of both
concentration and time required to kill the bacteria.
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Figure 2 The bactericidal effect of M. alba on time-killing in E. coli. (A)
E. coli ATCC 25922 and (B) E. coli ECCMB®62 field strains were exposed to
normal saline (control), 20 and 40 mg/mL M. alba extract for 0, 1, 5, 15, 30,
60, 180 and 360 minutes.
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Figure 3 The bactericidal effect of M. alba on time-killing in S. aureus. (A)
S. aureus ATCC 25923 and (B) S. aureus SACM62 field strains were exposed
to normal saline (control), 10 and 20 mg/mL M. alba extract for 0, 1, 5, 15, 30,
60, 180 and 360 minutes.

DISCUSSION

Yield of M. alba L. leaf extract

In this study, M. alba L. leaf extraction yield higher than in a previously
reported value (8.02%) that used a similar extraction and 2-day maceration of
M. alba L. var. Buriram 60 leaves (Pulbutr et al., 2018). By contrast, a longer
maceration period resulted in much lower yields (7.35-8.52%) for ethanolic
extracts of M. nigra L. leaves after a 10-day maceration (de Freitas et al., 2016).
These yield extract differences could reflect the effects of multiple factors,
including the mulberry species, location of the sample, maceration period, and
choice of extraction solvent (commonly 95% ethanol) (Kobus-Cisowska et al.,
2020). However, a 7-day maceration could improve the yield obtained by
ethanolic extraction of M. alba L. leaves.

Quercetin determination in M. alba L. extract

Quercetin is well known as a predominant flavonol glycoside in
mulberry leaves (Peanparkdee et al., 2016; Zhai et al., 2018). A previous study
showed that a Morus spp. leaf extract contained 102.16 + 1.28 pg/mL quercetin,
compared to luteolin at 100.52 + 1.63 pg/mL and isoquercitin at 99.97 + 1.06
ug/mL (de Freitas et al., 2016). Another study demonstrated that the ethanol
concentration modulated the quercetin content extracted from M. alba leaves,
as 95% ethanol yielded the highest amount of quercetin (1.52 pg/g of dry
leaves), with lower amounts extracted with 50, 60, and 70% ethanol
(Kobus-Cisowska et al., 2020). The highest average quercetin content, at
2323.90 + 145.35 pg/g, was reported for hydrolyzed extracts from M. nigra L.
(black mulberry), with kaempferol being the next highest extract component, at
1446.36 = 59 pg/g (Zhai et al., 2018). Extraction of these active substances
from mulberry leaves depends on many factors, such as the solvent concentration
and type, the time and method of maceration, the temperature of fermentation,
the species of Morus, and the location where the samples are collected
(Peanparkdee et al., 2016; Pothinuch and Tongchitpakdee, 2019).

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 524




VETERINARY INTEGRATIVE SCIENCES

Antibacterial activity by determination of the MIC and MBC

This study demonstrated that ethanolic M. alba L. leaf extract had
potentially antibacterial spectrum against the selected dairy mastitis pathogens
and reference bacterial strains according to the MIC and MBC values. The
inhibition activity of the extract was like authentic quercetin and clearly affected
both bacterial strains, but stronger against S. aureus representing gram-positive
bacteria than E. coli—gram-negative bacteria representative. A previous study
showed similarly good inhibition of a 95% ethanolic M. alba leaf extract, with
areported MIC 0f0.32 mg/mL forboth S. aureus and E. coli strains (Abdel-Hamid
et al., 2017). A mulberry extract at 0.32 to 1.28 mg/mL (MIC and MBC) was
shown to inhibit E. coli,

S. aureus, and Salmonella typhi (Aelenei et al., 2019). A M. alba extract
also inhibited the growth of S. aureus ATCC 33591 and ATCC 43300 at 250 ug/
mL (MIC or MBC) (Chotigarpa et al., 2019). In accordance with previous
studies on the antibacterial properties of some organic acids (Pangprasit et al.
(2021) and herbal extract (Kuraeiad, et al., 2022) against reference and major
mastitis pathogen strains of E. coli and S. aureus. Acetic acid had antibacterial
property of against major dairy mastitis pathogens such as S. aureus and E. coli
with MIC and MBC values of 1.25 mg/mL and 2.5-10 mg/mL (Pangprasit et al.
(2021). Coconut oil extract could also enhance antibacterial activities against S.
aureus ATCC 29523 and E. coli ATCC 29522 (Kuraeiad, et al., 2022).

Antibacterial activity by the time-Kkill kinetic method

Time killing can ascribed to interactions between the tested bacteria and
antimicrobials present in the mulberry leaf extract during the time of exposure
with the bacteria. In this study, the mulberry leaf extract completely eliminated
the tested S. aureus strains, indicating that the antibacterial ability of the M.
alba leaf extract was more effective against

S. aureus than against E. coli in terms of both concentration and time
required to kill the bacteria. These findings agree with a prior study on the
kinetics of the killing profile of lactic acid against both standard and mastitis
pathogen strains of E. coli and S. aureus (Wu et al., 2019).

Another study reported some discouraging time-kill assay results for an
ethanolicM. albal .extractagainstS. aureusstrain25923 (amethicillin-susceptible
strain) and S. aureus 33591 (a methicillin-resistant strain). Subjecting the
bacteria to a concentration of 0.5 MIC at 6 time points (2, 4, 8, 12, 20, and 24
h) did not reduce the CFU counts of S. aureus even after 24 h (Pang et al.,
2019). The mulberry fruit extracts had certain bactericidal activity against S.
aureus ATCC 25923, taking 24 h to kill the bacteria (Suriyaprom et al., 2021).
However, other research has reported the separation of specific substances from
mulberries that show positive results against tested pathogens by the time-kill
assay. For example, Sanggenon D was isolated from mulberry root bark extract
and tested at 1 x MIC and 2 x MIC against S. aureus. At 1 x MIC and 2 x MIC,
the extract decreased the colonies of S. aureus at 2.1 log,, CFU/mL for 2 h and
after treatment for 8 h (Anim et al., 2015). These studies showed that quercetin
inhibited E. coli ATCC 25922 and S. aureus ATCC 25923 at a MIC of 10 mg/
mL and an MBC of 20 mg/mL. Quercetin is a major substance and an active
flavonoid compound (MIC 260 ug/mL) in M. alba L. leaves, and it shows
activity against S. aureus clinical isolates in humans and against S. aureus
ATCC 43300 (Yu et al., 2018).
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This study firstly demonstrated the antibacterial of the ethanolic
mulberry leaf extract containing quercetin against dairy mastitis pathogens and
reference ATCC strains. The targeted field strains were genetically homologous
to gene sequences in GenBank database and literatures for

S. aureus and E. coli found in Asia and Europe. The extract had
potentially antibacterial spectrum against both gram-negative and gram-positive
bacteria possessing different bacterial structure, commonly known as clinical
strains—major contagious (S. aureus) and environmental (E. coli) mastitis
pathogens in dairy cows. However, there are limitations associated with the
antibacterial properties of the extract that may lead to erroneous inferences. The
current study did not cover all other phytochemicals of mulberry leaf and
diverse mastitis-causing pathogens. Further research is warranted to clearly
understand the antibacterial properties of the mulberry leaf extract.

CONCLUSION

Extraction of M. alba L. leaves with 95% ethanol yielded considerable
amounts and an average quality of quercetin, a major active flavonoid in
mulberry leaves. The ethanolic M. alba L. leaf extract showed antibacterial
efficacy against selected strains of E. coli ECCM62 and S. aureus SACM62
isolated from mastitis in dairy cows, as well as E. coli ATCC 25922 and

S. aureus ATCC 25923, and gave MIC values of 10 mg/mL and MBC
values of 20 mg/mL. The mulberry leaf extract had a stronger antibacterial
effecton S. aureus than on E. coli based on extract concentration and time-killing
assays.

ACKNOWLEDGEMENTS

This work was supported by Professor Dr. Pranom Chantaranothai,
Khon Kaen University for mulberry identification, and Dairy farmers for
facilitating milk sample collection.

AUTHOR CONTRIBUTIONS

Conceptualization and study design, XP, CT, PS JA and RM; data
acquisition, analysis and interpretation, XP, CT, PS, JA and RM; supervision,
CT, JA and PS; funding acquisition and project administration, CT; writing—
original draft preparation, XP, JA and RM; writing—review, editing and
approval, CT. All authors have read carefully read and approved the final
version of the manuscript.

CONFLICT OF INTEREST

The authors declare that they have no competing interests.

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 526




VETERINARY INTEGRATIVE SCIENCES

REFERENCES

Abdel-Hamid, N.S., Abdel-Khalek, H.H., Mattar, Z.A., Abou-Taleb, K.A., Ramadan, E.M.,
2017. Screening of some Egyptian plant extracts for biological activity against some
pathogenic bacteria. Arab Univ. J. Agric. Sci. 25(2), 377-386.

Aclenei, P, Luca, S.V., Horhogea, C.E., Rimbu, C.M., Dimitriu, G., Macovei, 1., Silion M,
Aprotosoaie, A.C., Miron, A., 2019. Morus alba leaf extract: Metabolite profiling and
interactions with antibiotics against Staphylococcus spp. including MRSA.
Phytochem. Lett. 31, 217-224.

Amin, M.U., Khurram, M., Khattak, B., Khan, J., 2015. Antibiotic additive and synergistic
action of rutin, morin and quercetin against methicillin resistant Staphylococcus
aureus. BMC Complement. Med. Ther. 15, 59.

Appiah, T., Boakye, Y.D., Agyare, C., 2017. Antimicrobial activities and time-kill kinetics of
extracts of selected ghanaian mushrooms. Evid. Based Complement. Alternat. Med.
2017, 4534350.

Bi, Y., Wang, Y.J., Qin, Y., Vallverdu, R.G., Garcia, .M., Sun, W., Cao, Z., 2016. Prevalence of
bovine mastitis pathogens in bulk tank milk in China. PLoS One. 11, 155-621.

Budiman, A., Aulifa, D.L., Kusuma, A.S.W., Sulastri, A., 2017. Antibacterial and antioxidant
activity of black mulberry (Morus nigra L.) extract for acne treatment. Pharmacogn. J.
9(5), 1-14.

Cervinkova, D., Vlkova, H., Borodacova, 1., Makovcova, J., Babak, V., Lorencova, A., Vrtkova,
I., Marosevic, D., Jaglic, Z., 2013. Prevalence of mastitis pathogens in milk from
clinically healthy cows. Vet. Med. 58(11), 567-575.

Chen, H., Yu, W.,, Chen, G., Meng, S., Xiang, Z., He, N., 2018. Antinociceptive and
antibacterial properties of anthocyanins and flavanols from fruits of black and
non-black mulberries. Molecules. 23(1), 4.

Chotigarpa, R., Na Lampang, K., Pikulkaew, S., Okonogi, S., Silman, P., Mektrirat, R., 2019.
Antiseptic effect of natural teat dip containing lactic acid against mastitis-causing
Escherichia coli. Vet. World. 12(3), 397-401.

de Freitas, M.M., Fontes, P.R., Souza, PM., William Fagg, C., Neves Silva Guerra, E., de
Medeiros Nobrega, Y.K., Silveira, D., Fonseca-Bazzo, Y., Simeoni, L. A., Homem-
de-Mello, M., Oliveira Magalhaes, P., 2016. Extracts of Morus nigra L. leaves
standardized in chlorogenic acid, rutin and isoquercitrin: tyrosinase inhibition and
cytotoxicity. PloS One. 11(9), e0163130.

Fahim, K.M., Ismael, E., Khalefa, H.S., Farag, H.S., Hamza, D.A., 2019. Isolation and
characterization of E. coli strains causing intramammary infections from dairy
animals and wild birds. Int. J. Vet. Sci. Med. 7, 61-70.

Hendrix, C.M., Sirois, M., 2007. Laboratory procedures for veterinary technicians, 5th edition.
Mosby, St. Louis, 400 p.

Hussain, F., Rana, Z., Shafique, H., Malik, A., Hussain, Z., 2017. Phytopharmacological
potential of different species of Morus alba and their bioactive phytochemicals:
A review. Asian Pac. J. Trop. Biomed. 7, 950-956.

Kampa, J., Sukolapong, V., Buttasri, A., Charoenchai, A., 2009. Prevalence of Mycoplasma
bovis and other contagious bovine mastitis pathogens in bulk tank milk of dairy cattle
herds in Khon Kaen province, Thailand. Thai J. Vet. Med. 39, 275-280.

Kobus-Cisowska, J., Szczepaniak, O., Szymanowska-Powatowska, D., Piechocka, J., Szulc, P.,
Dziedzinski, M., 2020. Antioxidant potential of various solvent extract from
Morus alba fruits and its major polyphenols composition. Cienc. Rural. 50, 1-10.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7: Molecular evolutionary genetics analysis
version 7.0 for bigger datasets. Mol. Biol. Evol. 33(7), 1870-1874.

Kuraeiad, S., Prueksatrakun, P., Chuajeen, Y., Kooltheat, N., Sookbampen, O., Mitsuwan, W.,
Kwankaew, P., 2022. Evaluation of moisturizing property and antimicrobial activity of
alcohol-based hand sanitizer formulations using coconut oil as a moisturizing agent
against Staphylococcus aureus and Escherichia coli. Vet. Integr. Sci. 20(2), 419-430.

Lamberti, C., Gai, F., Cirrincione, S., Giribaldi, M., Purrotti, M., Manfredi, M., Marengo, E.,
Sicuro, B., Saviane, A., Cappellozza, S., Giuffrida, M.G., Cavallarin, L., 2019.
Investigation of the protein profile of silkworm (Bombyx mori) pupae reared on
a well-calibrated artificial diet compared to mulberry leaf diet. Peer J. 7, €6723.

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 527




VETERINARY INTEGRATIVE SCIENCES

Lee, H.C., Chen, C.M., Wei, J.T., Chiu, H.Y., 2018. Analysis of veterinary drug residue
monitoring results for commercial livestock products in Taiwan between 2011 and
2015. J. Food Drug Anal. 26(2), 565-571.

Lin, S., Koh, J.J., Aung, T.T., Sin, W.L.W., Lim, F., Wang, L., Lakshminarayanan, R., Zhou, L.,
Tan, D.T.H., Cao, D., Beuerman, R.W., Ren, L., Liu, S., 2017. Semisynthetic flavone
derived antimicrobials with therapeutic potential against methicillin-resistant
Staphylococcus aureus (MRSA). J Med. Chem. 60, 6152-6165.

Manyi-Loh, C., Mamphweli, S., Meyer, E., Okoh, A., 2018. Antibiotic use in agriculture and its
consequential resistance in environmental sources: potential public health
implications. Molecules. 23, 795.

Meade, E., Savage, M., Garvey, P., Slattery, M.A., Garvey, M., 2019. Antibiotic resistant
zoonotic pathogens of bovine mastitis and possible agents of foodborne disease.
Cohesive J. Microbiol. Infect. Dis. 2, 1-11.

Mesquita, A.A., Rocha, C.M.B.M., Bruhn, F.R.P., Custdédio, D.A.C., Braz, M.S., Pinto, S.M.,
Silva, D.B., Costa, G.M., 2019. Staphylococcus aureus and Streptococcus agalactiae:
prevalence, resistance to antimicrobials, and their relationship with the milk quality of
dairy cattle herds in Minas Gerais state, Brazil. Pesqui. Vet. Bras. 39, 308-316.

Miljkovic, V., Nikolic, G., Mihajlov-Krstev, T.M., Arsic, B., 2018. Antibacterial activities of
fruits extracts of three mulberry species (Morus alba L., Morus rubra L. and
Morus nigra L.) and bilberry (Vacinium myrtillus L.). Acta Med. Median. 57, 5-12.

Pang, D., Wang, W., Li, E., Shen, W., Mu, L., Liao, S., Liu, F., 2019. Sanggenon D from root
bark of mulberry inhibits the growth of Staphylococcus aureus by moderating
the fatty acid biosynthesis system. Ind. Crops Prod. 140, 111719.

Pangprasit, N., Srithanasuwan, A., Suriyasathaporn, W., Chaisri, W. 2021. Antibacterial
properties of lauric acid in combination with organic acids against major pathogens
causing dairy mastitis. Vet. Integr. Sci. 19(1), 37-44.

Peanparkdee, M., Iwamoto, S., Borompichaichartkul, C., Duangmal, K., Yamauchi, R., 2016.
Microencapsulation of bioactive compounds from mulberry (Morus alba L.) leaf
extracts by protein-polysaccharide interactions. Int. J. Food Sci. 51, 649-655.

Polumackanycz, M., Sledzinski, T., Goyke, E., Wesolowski, M., Viapiana, A., 2019. A
comparative study on the phenolic composition and biological activities of Morus alba
L. commercial samples. Molecules. 24(17), 2-19.

Pothinuch, P., Tongchitpakdee S., 2019. Phenolic analysis for classification of mulberry
(Morus spp.) leaves according to cultivar and leaf age. J. Food Qual. 2019, 2807690.

Pulbutr, P., Rattanakiat, S., Khunawattanakul, W., Saramunece, K., Sungthong, B., 2018.
Development of chewing gum containing mulberry leaf extract with anti-cariogenic
activity against Streptococcus mutans. J. Biol. Sci. 18, 407-414.

Quinn, P.J., Markey, B.K., Carter, M.E., Donnelly, W.J., Leonard, F.C., 2001. Veterinary
Microbiology and Microbial Disease. Blackwell Science, Oxford, UK, 544 p.
Rahman, H.S., Muhammad, K.S., Sattar, F.A., Abdullah, R., Othman, H.H., Yeap, S.K,,
Chartrand, M.S., Amin, K.M., 2018. The effectiveness of super ovulation and multiple
pregnancies in sprague dawley rat using Morus alba Linn. fruit. Int. J. Med. Res.

Health Sci. 7, 17-26.

Rohela, G.K., Shukla, P., Muttanna, Kumar, R., Chowdhury, S.R. 2020. Mulberry (Morus spp.):
An ideal plant for sustainable development. Trees For. People. 2, 100011.

Royster, E., Wagner, S., 2015. Treatment of mastitis in cattle. Vet. Clin. North Am. Food Anim.
Pract. 31, 17-46.

Strommenger, B., Kettlitz, C., Werner, G., Witte, W. 2003. Multiplex PCR assay for
Simultaneous detection of nine clinically relevant antibiotic resistance genes in
Staphylococcus aureus. J. Clin. Microbiol. 41(9), 4089-4094.

Suriyaprom, S., Kaewkod, T., Promputtha, 1., Desvaux, M., Tragoolpua, Y. 2021. Evaluation of
antioxidant and antibacterial activities of white mulberry (Morus alba L.) fruit
extracts. Plants. 10(12), 2736.

Takahashi, T., Kaneko, M., Mori, Y., Tsuji, M., Kikuchi, N., Hiramune, T. 1997. Phylogenetic
analyses of Staphylococcus based on the 16S rDNA sequence and assignment of
clinical isolates from animals. J. Vet. Med. Sci. 59(9), 775-83.

Tallini, L.R., Pedrazza, G.P., Bordignon, S.A.L., Costa, A.C., Steppe, M., Fuentefria, A.,
Zuanazzi. J.A., 2015. Analysis of flavonoids in Rubus erythrocladus and Morus nigra
leaves extracts by liquid chromatography and capillary electrophoresis. Rev. Bras.
Farmacogn. 25, 219-227.

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 528




VETERINARY INTEGRATIVE SCIENCES

Wang, G., Clark, C.G., Rodgers, F.G., 2002. Detection in Escherichia coli of the genes encoding
the major virulence factors, the genes defining the O157:H7 serotype, and components
of the type 2 Shiga toxin family by multiplex PCR. J. Clin. Microbiol. 40(10),
3613-3619.

Wu, S.C., Han, F., Song, M.R., Chen, S., Li, Q., Zhang, Q., Zhu, K., Shen, J.Z., 2019. Natural
flavones from Morus alba against methicillin-resistant Staphylococcus aureus via
targeting the proton motive force and membrane permeability. J. Agric. Food Chem.
67, 10222-10234.

Yu, L., Shang, F., Chen, X., Ni, J., Yu, L., Zhang, M., Sun, D., Xue, T., 2018. The anti-biofilm
effect of silver-nanoparticle-decorated quercetin nanoparticles on a multi-drug
resistant Escherichia coli strain isolated from a dairy cow with mastitis. Peer J.
6,e5711.

Zhai, K.F., Duan, H., Shi, S.X., Liu, L.L., Cao, W.G., Gao, G.Z., Shan, L.L., 2018.
Synchronised determination of chlorogenic acid and five flavonoids in mulberry
leaves using HPLC with photodiode array detection. Qual. Assur. Saf. Crop.
Foods. 10, 175-182.

How to cite this article;

Xayngeun Phengvongsone, Chaiyapas Thamrongyoswittayakul, Peerapol Sukon, Jareerat
Aimsaard and Raktham Mektrirat. Antibacterial effect of ethanolic Morus alba Linn. leaf
extract against mastitis-causing Escherichia coli and Staphylococcus aureus in vitro. Veterinary
Integrative Sciences. 2022; 20(3): 517- 529.

Phengvongsone et al. Vet Integr Sci. 2022; 20(3): 517 - 529 529




