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Abstract

Bovine mastitis is one of the most common diseases causing losses to the dairy industry. To reduce the use of antibiotic for
treatment of this disease, essential oils (EOs) have high potential to apply in the field without any harmful chemical sanitation
for raw milk. In this study, the antibacterial effect of Cinnamon cassia, Chenopodium ambrosioides, and Litsea cubeba EOs
against bacteria isolated from bovine mastitis were investigated. Among the three EOs, C. cassia EO showed the strongest
antimicrobial activity against all tested bacteria. Moreover, the combination of C. cassia-C. ambrosioides and C. cassia-L.
cubeba showed a significant synergistic effect with the total FIC value from 0.5 to 0.75, lower the MIC by 2 to 4 times. Those
results suggested that EOs could be used to reduce lower the concentration used, minimum effective dose of the drugs and to
replace the antibiotic treatment for bovine mastitis in the future.
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1. Introduction

Lactose is the main sugar in milk and in dairy Bovine
mastitis is one of the most common cattle diseases that
causes significant losses to the global dairy industry
through the elimination of infected milk, reduction of
milk production, drug for treatment, and even animal
death [1]. Besides, mastitis leads to alterations in the
physicochemical characteristics of milk, resulting in low
productivity and depreciation in nutritional and sensorial
values of dairy products. The milking must be done
every day, but the milk could or be collected until
15 days after the cow recovered by antibiotic treatment
to eliminate the antibiotic contamination in the dairy
products.

Dairy cow mastitis is mainly caused by
microorganisms [1-3]. Among these microorganisms,
Staphylococcus spp. (including Staphylococcus aureus),
Streptococcus ~ uberis,  Escherichia  coli, and
Enterobacteria are frequently identified from diseased
cows worldwide [1, 4-6]. These pathogens can be
contagious or environmental that cause 2 types of
mastitis: clinical and subclinical infections, based on
their primary reservoir and mode [7] of transmission [8].
In reality, subclinical mastitis leads to more serving
losses than clinical mastitis [9].

In Vietnam, most dairy farmers are smallholders
with less than 10 cows/farm. They are trained in bovine
farming and disease but unserious preparation and
milking procedure lead to the difficulty in mastitis
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disease control. These days, the antibiotic drug is used
as main treatment for bovine mastitis. However, the use
of antibiotics in dairy farming could lead to an increase
of antibiotic resistance of bacteria, a potential harmful
effect on human health influent [10]. Regarding the
problem of antibiotics residues, consumers are interested
more in organic production of dairy products. In this
context, natural products, including essential oil (EO),
have high potential to prevent mastitis disease by
sterilizing the teat before milking without any harmful
chemical sanitation contaminated in the milk products;
or to be alternative of antibiotics to control bovine
mastitis, thus the milking and milk collection should be
processed as soon after the cow was recovered. EOs are
classified as GRAS (generally regarded as safe), show
antimicrobial proprieties and resistance has not been
reported after prolonged exposure [11]. When applied at
appropriate concentrations or in combination with other
hurdles, EOs can significantly reduce bacterial loads in
raw milk and delay spoilage, although their effectiveness
is strongly influenced by the milk matrix, target species,
and potential sensory impacts [12]. Thus, there are
many studies investigating the antimicrobial activity of
EOs against microorganisms causing bovine mastitis
[13-19]. Cinnamon cassia is a traditional plant in
Indonesia, Laos, China, and Vietnam [20]. For long
time, this plant has been used alone or formulated with
other herbs, in food and in medicine. C. cassia main
components: cinnamaldehyde, cinnamic acid, and
coumarin, have been demonstrated to play an important
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role in its antibacterial and antifungal activity [20-22].
Litsea cubeba, belonging to the Lauraceae family, is
widely found in Southern China and South-East Asia
regions. Different parts of this plant (root, stem, leaves,
fruit, and flowers) have been used to produce EO and
these EOs are described to exhibit antibacterial activity
thanks to its main components: 1,8-cineole, sabinene,
linalool, and neral [23-26]. Chenopodium ambrosioides
is a medical plant growth in tropical and subtropical
regions of America, Africa, and Europe. Constituent of
ascaridole, carvacrol and caryophyllene oxide, EO of
this plant show an effective activity against fungi and
protozoa, and its mix with other agents was reported to
have antibacterial activity [27-30].

Previously, there were some studies investigating
microflora in cow's milk with mastitis in Vietnam
[31, 32]. However, the research on these EOs in bacteria
related to bovine mastitis has not been reported yet. The
aim of this study was to evaluate the antimicrobial
activity of several traditional medicine plant EOs against
bacteria isolated from mastitis cow’s milk in the North
of Vietnam, and to evaluate the antimicrobial activity of
their mixtures to detect synergistic or antagonistic
effects against these pathogens.

2. Materials and Methods
2.1. Materials

Fruit of Litsea cubeba (Lour.) Pers (L. cubeba),
medicinal plants were obtained from Phu Tho province,
Vietnam (21°24°25°°N;105°04°05°’E); branches, bark,
leaves of C. cassia and stem, leaves of C. ambrosioides
plants were randomly selected from different sites in Phu
Tho province (20°47°21°°N; 105°21°20’E), and
transported to the laboratory. The EOs were obtained by
hydro-distillation method following the standard
procedure of Institute of Chemistry, Vietnam Academy
of Science and Technology, and then stored in the dark
bottle at 4°C until use.

A total of 27 strains including eleven strains of
E. coli, ten strains of Staphylococcus spp. and six strains
of S. uberis were isolated from milk samples of
subclinical bovine mastitis collected from 25 small
farms in Phu Dong village, Gia Lam district, Hanoi,
Vietnam. The microorganisms were identified using
specified primers according to Riffon and Sakai [33, 34],
and then frozen at -80°C in glycerol at Center for
Research and Development in Biotechnology (CRDB),
Hanoi University of Science and Technology (HUST).

2.2. Methods
2.2.1. Analysis of essential oils

Gas chromatography (GC) analyses of the EOs were
carried out on an Agilent Technologies HP7890A GC
equipped with a flame ionization detector (FID) and a
mass spectrum detector (MSD) Agilent Technologies
HP5975C and two HP-5MS columns. The GS analysis
was performed once with the MSD and once with the
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FID. The dimensions of the columns are 60 m x 0.25 mm
x 0.25 pm. The injector was set at 250 °C. The
temperature program was 60 °C ramp of 4 °C /min up to
240 °C. The carrier gas was Helium at a flow rate of 1
mL/min. The split ratio was 100:1 and 1 uL of EO was
injected into the GC. The MSD conditions were: full
scan mode under electron impact ionization voltage
70 eV, emission current 40 mA, acquisitions scan mass
range 35-450 amu under full scan.

Retention time indices RI of each component was
determined relative to the retention times of a
homologous n-alkane series with the same GC program.
The relative amounts of individual components were
calculated based on the GC peak area (FID response)
without correction.

2.2.2. Essential oil constituent identification

The EOs constituent identification was performed by
MassFinder 4.0 using their mass spectra and retention
indices (RI). Further identification was performed by
comparing their RI and their mass spectrum with those
from HPCHI1607, WO0O9NO8 libraries and NIST
Chemistry WebBook database
(http://webbook.nist.gov/chemistry/).

2.2.3. Disc diffusion assay

Disc diffusion method was carried out to assess
antimicrobial activity of EOs according to Sheng and
Zhu (2014) [35]. Tested bacteria were activated in
Mueller-Hinton broth (MHB) culture for 8 h, and then
sub-cultured at 1:1000 in MHB for another 14h at
appropriate temperatures (Table 1). Cultures were
adjusted to  1x10° CFU/mL with MHB
(ODsoonm = 0.001) and spread over the Mueller-Hinton
agar (MHA) plate using 100pL of suspension. Under
aseptic conditions, sterile paper discs (Whatman, 6 mm
diameter) were placed on the agar surface, and C. cassia,
D. ambrosioides and L. cubeba EOs at absolute
concentration were applied onto the corresponding paper
discs with SuL of each. Control paper disc was loaded
with SuL. MHB. Two standard antibiotics, Gentamycin
(30 pg/disc) and Cephalosporin (30 pg/disc), were used
as reference antibiotics for the tested bacteria. The plate
was left for 30 min at 4 °C before incubated at
appropriate temperature for 24h. The inhibition zone
diameters were measured in millimeters and performed
in three biological replicates.

2.2.4. Minimum inhibitory concentration and minimum
bactericidal concentration

Minimum inhibitory concentration (MIC) is
determined as the lowest concentration of EOs without
visible growth (no change in turbidity) of bacteria.
Minimum bactericidal concentration (MBC) is defined
as the lowest concentration that inhibits bacterial growth
on the MHA plates (less than 10 CFU/plate was regarded
as no growth) [35].
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Two-fold microdilution broth method was used to
determine MIC/MBC of EOs against tested strains in
96-well microplates [35]. Mueller-Hinton Broth (MHB)
culture and 0.2% sterilized Tween 80 (v/v) was used to
dilute EOs to different concentrations: C. cassia EO
from 3.125 pL/mL to 0.024 puL/mL; D. ambrosioides
and L. cubeba EOs from 50 pL/mL to 0.39 pL/mL.
Overnight Dbacterial cultures were diluted to
approximately 1 x 10® CFU/mL in MHB culture. 20uL
of different concentration of EOs and 180 pL of
suspension containing 1x10® CFU/mL of indicator strain
was inoculated in each well. Wells containing 200 pL of
uninoculated MHB were used as blanks. Wells
containing 20uL of respective bacterial culture in MHB
without EO were used as positive control. The plates
were incubated at appropriate temperature for 24h.

2.2.5. Synergy studies by checkerboard method

The checkerboard method was performed using
96-well microplates to obtain the fractional inhibitory
concentration (FIC) index between EOs [13]. Plates
consisted of columns containing 10 pL of EO (A) diluted
two-fold in MHB and 0.2% sterilized Tween 80 along
the x axis as well as rows with the same amount of EO
(B) diluted two-fold in the same media along the y axis.
Subsequently, 180 upL of the suspension bacterial
overnight culture in MHB containing 1x10% CFU/mL of
the indicator strain were added to all wells to obtain total
of 200 pL. Plates were then incubated at appropriate
temperature for 24 h.

The FIC indices were calculated as
> FIC = FIC,, + FIC, 1)
where:
FIC, = MIC ,combination
MIC,alone 2)
FIC, = MIC ycombination
MICyalone 3)
The results were interpreted as synergy (FIC<I),
addition  (FIC=1), indifference (1<FIC<2) or

antagonism (FIC>2) [13]. Experiments were performed
in three biological replicates.

2.2.6. Statistical analysis

All experiments were performed in triplicate. The
obtained results were statistically analysed at the
significance level p equal 0.05 using Microsoft Excel
software. Mean values and standard deviations were
calculated; the values were compared by ANOVA
method.

3. Results and Discussion
3.1. Chemical Composition of Essential Qils

The percentage of the identified compounds was
99.99%, 99.73%, and 97.97% for C. cassia, L. cubeba,
and D. ambrosioides EOs, respectively (Table 1).
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Table 1. Major chemical composition of C. cassia,
C. ambrosioides and L. cubeba EOs

Compounds C. C. ambrosioides L.
cassia cubeba
Benzaldehyde 1.57% - -
Cinnamaldehyde 0.71% - -
<Z->
Cinnamaldehyde 85.71% - -
<E->
Cinnamy] alcohol 0.34% - -
<E->
Cinnamyl acetate 5.5% - -
<E->
Coumarin 1.35% - -
Cymene <o-> - 14.32% -
Limonene - 0.15% 13.84%
Cineole 1,8 - 0.15% 1.5%
Ascaridole - 0.38% -
Ascaridole <iso-> - 19.47% -
2,3-Dehydro-1,4- - 59.7% -
cineol
Menth-2-en-1,4- - 2.83% -
diol
6-Methylhept-5- - - 2.68%
en-2-one
Myrcene - - 1.45%
Linalool - - 3.69%
Citronellal - - 1.45%
Sabinene - - 0.39%
Citronellol - - 0.39%
Neral - - 28.89%
Isoneral - - 1.55%
Geraniol - - 1.47%
Isogeranial - - 2.25%
Geranial - - 35.74%
Other compounds 4.81% 0.97% 4.44%
Total 99.99% 97.97% 99.73%

The other compounds detected in trace but not summarized in
the table: i) for C. cassia EO: Styrene, Pinene<a->,
Salicyaldehyde, Phenyl ethyl alcohol <b->,
Benzenpropanal, Benzofuran <2-Methyl->, Phenylethyl
acetate <2->, Copaene <a->, Caryophyllene <E->,
Muurolene <g->, Bisabolene <b->, Cadinene <d->,
Nerolidol <E->, Methoxycinnamaldehyde <(E)-o0->; ii) for
D. ambrosioides EQ: 4-Hydroxy-4-methylcyclohex-2-enone,
Cymen-8-ol <m->; iii) for L. cubeba EO: Pinene<a->,
Camphene, Pinene <b->, 2,3-Dehydro-1,8-cineol,
Lavandulol,  Terpinen-4-ol, Terpineol <a->,  Nerol,
Caryophylene <E->. All the compounds mentioned were
utilized for calculating the total percentage of each class of
constituents
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Interestingly, the EO components were very
different in three essential oils. C. cassia EO showed a
very high percentage of Cinnamaldehyde <E->
(85.71%), followed by Cinnamyl acetate <E-> (5.5%),
and Coumarin (1.35%). Besides, the highest percentage

compound found in C. ambrosioides EO was
monoterpenoid, in which the first place was
2,3-Dehydro-1,4-cineol (59.7%), followed by

Ascaridole <iso-> (19.47%), and Cymene <o->
(14.32%). In L. cubeba EO, terpenoid compounds
exhibited high concentration. Monoterpenoid (Geranial
and Neral) were the dominant compounds (35.74% and
28.89%, respectively). On the contrary, the monoterpene
constituents showed a lower concentration, and
Limonene was the compound with the highest
percentage in this group (13.84%).

This result suggested us investigate the combination
effects of EOs against bacteria isolated from mastitis
bovine milk because of the increasing number of
individual components in the mixture.

3.2. The Antimicrobial activities of EOs by Disc
Diffusion Assay

From milk samples collected of subclinical bovine
mastitis, eleven strains of E. coli, ten strains of
Staphylococcus spp., and six strains of S. uberis were
isolated. Antimicrobial activity of EOs against these
bacteria was investigated by disc diffusion assay

(Table 2). The larger inhibition zone gave the meaning
of higher antibacterial activity of the EOs on the tested
microbial species. Among the three EOs, C. cassia EO
showed the strongest antimicrobial activity against all
tested bacteria, followed by C. ambrosioides EO, and the
lowest antimicrobial activity was L. cubeba EO. The
inhibition zone of C. cassia EO ranged from
273 £ 2.2 mm, 23.2 £ 3.4 mm, and 28.1 £ 1.4 mm
against E. coli, Staphylococcus spp., and S. uberis,
respectively. The inhibition zone of C. ambrosioides and
L. cubeba EOs against tested bacteria were much lower
than C. cassia EO (from 10.5-14.2 mm). Moreover,
Staphylococcus spp. was less sensitive to EOs, with
smaller inhibition zone value than those of E. coli and
S. uberis.

In our work, C. cassia showed higher inhibitory zone
against bacteria causing bovine mastitis than
D. ambrosioides and L. cubeba (Table 2). In C. cassia
EO, the main component is Cinnamaldehyde, an
aldehyde (Table 1). In C. ambrosioides and L. cubeba
EOs, the main components are terpenoid, including
alcohol and ethers. Many studies reported that
antimicrobial activity of EOs is conditioned by the
activity of their components, in which the activity rank
of EO components is as follows: phenols > aldehydes >
ketones > alcohols > ethers > hydrocarbons [36, 37].
Thus, C. cassia EO showed a better effect against
pathogenic bacteria than these two others.

Table 2. Inhibition zone of EOs against E. coli, S. uberis and Staphylococcus spp.

Essential oils E. coli Staphylococcus spp. S. uberis

C. cassia 273+£22 232+34 28.1+1.4

C. ambrosioides 142+2.0 11.7+1.7 13.4+0.7

L. cubeba 108+1.6 10.5+1.9 13.3+1.1

Gentamycin 29.1+£1.7 - -

Cephalosporin - 353+33 31.3+4.5
Blank control (MHB) ND ND ND

Values are mean diameter of inhibitory zone (mm) £ standard deviation of strains from the same species; “-*:

no tested; ND. no diameter.

Table 3. Inhibitory effect of EOs (MIC and MBC value) against E. coli, Staphylococcus spp. and S. uberis
(MIC and MBC values in pL/mL)

Essential oils C. cassia C. ambrosioides L. cubeba
MIC MBC MBC/  MIC MBC MBC/  MIC MBC MBC/MIC
MIC MIC
E. coli 0.196 0.80 4.1 1.56 6.24 4.0 1.56 3.12 2.0
Staphylococcus 0.39 1.20 3.1 3.12 12.48 4.0 3.12 12.48 4.0
spp.
S. uberis 0.39 1.20 3.1 3.12 6.24 2.0 3.12 6.24 2.0
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Table 4. Interaction effect of EOs (FIC values) on the isolated strains in bovine mastitis

Essential oil (A) Essential oil (B) Bacteria YFIC Interaction
value'
C. cassia C. ambrosioides E. coli 0.5-0.75 Synergistic
Staphylococcus spp. 0.75 Synergistic
S. uberis 0.5-0.75 Synergistic
C. cassia L. cubeba E. coli 0.5 Synergistic
Staphylococcus spp. 0.75 Synergistic
S. uberis 0.5-0.75 Synergistic
C. ambrosioides L. cubeba E. coli 1 No difference
Staphylococcus spp. 2 No difference
S. uberis 1 No difference

I- FIC value was calculated according to (2.1) and (2.2) formula.

3.3. Determination of MIC and MBC of Essential Oils

To identify the concentration of EOs inhibiting all
isolated strains, MIC and MBC values were determined
for strains showed the lowest inhibitory zone diameter.
The results of MIC and MBC of EOs against E. coli,
Staphylococcus spp., and S. uberis were represented in
Table 3. C. cassia EO possessed a strong bactericidal
effect on all tested strains with all MIC and MBC values
below 1.0 uL/mL. C. ambrosioides and L. cubeba EOs
showed similar antimicrobial effect, where MIC and
MBC values were less than 3.5 pL/mL and 12.5 pL/m,
respectively. In most cases, considering the MBC/MIC
was lower than 4, the tested EOs showed the bactericidal
effect against isolated strains in bovine mastitis except
for C. cassia against E. coli.

Furthermore, E. coli was reported to be the most
sensible bacteria faced to three tested EOs, with MIC and
MBC values less than these two other species.

Overall, MIC and MBC values of C. cassia EO were
slightly higher than in other studies. Zhu et al. (2016)
reported that MIC and MBC values of C. cassia oil were
0.025% and 0.1% (v/v) for E. coli, and 0.0125% and
0.05% (v/v) for S. aureus, respectively [17]. In other
work, these values of C. cassia EO against E. coli also
remained low (0.125 pl/ml and 0.25 pl/ml, respectively)
[38]. However, these values of L. cubeba and
C. ambrosioides for E. coli, and S. aureus were lower
than in other works [23, 24, 26, 27, 29]. Furthermore,
strains from Gram positive bacteria: Staphylococcus
spp. and S. uberis showed less susceptibility against all
tested EOs compared to E. coli (Gram negative bacteria).
Our finding indicated that MIC of three EOs against
Staphylococcus spp. and S. uberis were two-fold higher
than that of E. coli. In general, higher antibacterial
activity of EOs is observed on Gram positive bacteria
[39,40]. In Gram negative bacteria, the presence of an
outer membrane surrounding the cell wall limits the
diffusion rate of hydrophobic compounds through its
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lipopolysaccharide layer, leading to its resistance against
EOs [7]. In contrast, lipophilic character present in Gram
positive bacteria cellular walls increases membrane
fluidity, that facilitates the penetration of hydrophobic
compounds of EOs [41]. The main reasons for these
differences might be due to the variability of EO
composition and the geographical origin of pathogenic
bacteria.

3.4. Synergy Study of the Combination Effect of EOs
against Isolated Strain in Bovine Mastitis

In this study, FIC value range for each type of
interaction used for evaluating the synergy between EOs
is in alignment with the value ranges provided by the
paperwork of Fratini et al., 2017 [19]. Overall, no
antagonist effect was observed, and synergistic effect
was showed between C. cassia-C. ambrosioides and C.
cassia-L. cubeba with the total FIC value from 0.5 to
0.75, lower the MIC by 2 to 4 times. When using a
combination of L. cubeba and C. ambrosioides EOs
against the tested bacteria, indifferent effects were
observed with Y FIC value = 1. The synergistic effect
observed against strains from E. coli and S. uberis was
the most significant with Y FIC value = 0.5 in 4/6 tests
and 3/6 tests, respectively, and in case of Staphylococcus
spp., the > FIC value was 0.75 in all experiments.

After identifying the MIC and MBC value of EOs, the
synergistic interaction between different EOs mixtures
was investigated. The synergistic effect was reported
between C. cassia-C. ambrosioides and C. cassia-L.
cubeba EOs against all studied bacteria, while the
combination between C. ambrosioides- L. cubeba showed
an indifferent effect. Previously, the mixture of Cinnamon
EO with thyme oil, clove oil or with some plants’ EOs
was demonstrated to display an additive effect against
bacterial species, including B. subtilis, B. cereus, S.
aureus, compared to the pure EO [42, 43]. However,
antimicrobial effect of mixture containing L. cubeba or C.
ambrosioides EOs was scarcely reported. In a study
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focused on some bacterial strain supporting livestock
mastitis, Fratini ef al. (2014) indicated that the mixture of
carvacrol/thymol/ p-cymene EO presented a strong
inhibition against S. aureus and S. sciuri [13]. Besides,
research on combination between some EO and antibiotic
agents was carried out. Synergic effects against
pathogenic bacteria were observed when oregano oil was
mixed with gentamycin or cinnamon oil with
streptomycin [15,22,44].

EOs are volatile compounds and could be safe to use
in food industry [37]. Our result suggests an encouraging
of combining C. cassia and L. cubeba EOs to enhance the
antimicrobial effects against bovine mastitis isolates,
lower the concentration used, minimum effective dose of
the drugs and to replace the antibiotic treatment for bovine
mastitis in the future.

4. Conclusion

The findings of current study displayed strong
antibacterial activity of C. cassia, C. ambrosioides and
L. cubeba EOs. Moreover, the results also figured out a
promising combination of C. cassia-C. ambrosioides and
C. cassia-L. cubeba EOs, that had an additive
antibacterial effect on pathogenic bacteria. In general,
C. cassia and L. cubeba EOs have been used for long time
not only in medicinal activity but also in food industry
[24,25]. The ability of EOs against pathogenic bacteria
suggested that the EOs could be used to sterilize the cow
breast to reduce the concentration of drug used for the
treatment of bovine mastitis. More studies related to the
interaction between EOs and milk, and in vitro research
are required before applying this method to dairy industry.
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