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ABSTRACT

Bovine mastitis is mainly caused by bacterial infection of cow’s
udders, resulting in milk of lower quality. Antibiotic treatment of mastitis can
leave antibiotic residues in milk and can increase antibiotic resistant bacteria
in the food chain. The aims of this study were to investigate antimicrobial
activities of selected natural extracts from traditional Thai plants against
bovine mastitis-associated bacteria, in order to evaluate the possibility of
using plant extracts as alternatives to antibiotics for bovine mastitis treatment
and control. Rhizome and leaf plants (two types for each category) were
chosen in this study, including Curcuma mangga (Mango ginger), Zingiber
montanum (J. Koenig) Link ex A. Dietr. (Cassumunar ginger), Azadirachta
indica A. Juss (Neem leaf) and Piper betle Linn. (Betel Pepper leaf).
Antimicrobial activities of the aqueous and 70% ethanolic extracts of these
plants were determined against 12 species of bovine mastitis-associated
genera: Staphylococcus and Streptococcus, using disc diffusion, MIC and
MBC assays. Extracts from P. betle and C. mangga showed inhibitory effects
against the mastitis-associated bacterial isolates/strains tested. The 70%
ethanolic extract of P. betle exhibited the highest antimicrobial activities,
having the inhibition zone of 8.00+0.00 to 24.33+0.58 mm. The MIC and
MBC values of the P. betle extract ranged from 0.07 to 1.17 and 0.29 to 9.38
mg/ml, respectively. P. betle extracts also had wide scope of inhibition against
all bacterial species tested, and particularly displayed promising inhibitory
effects against Staphylococcus aureus, one of
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the most significant infectious and drug-resistant bacteria in dairy farming.
These results will be used for further development of natural therapeutic
products for bovine mastitis treatment and control, which is hoped to be
alternative products to commercial antibiotics.
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INTRODUCTION

Mastitis is one of the most common diseases of dairy cows, which
causes great concerns and great economic loss among dairy industries
(Petrovski et al., 2006; Suriyasathaporn et al., 2012 and Hogeveen et al.,
2011). The main cause of the disease is the infection in the cow udders and
the formation and release of toxic substances from bacterial pathogens. The
major mastitis pathogens, such as Staphylococcus aureus, Streptococcus
agalactiae, Streptococcus uberis, Streptococcus dysgalactiae, and coliform
bacteria, are usually considered more virulent and can cause greater damage
to the udder than minor mastitis pathogens such as Corynebacterium bovis and
coagulase-negative staphylococci (CNS) (Amin et al., 2011 and Cressier et
al., 2011). Mastitis reduces milk quality, thus causes great economic loss to
farmers. In addition, treatment of mastitis requires the use of antibiotics, which
can leave antibiotic residues in milk and can increase dairy cattle reservoir for
antibiotic resistant bacteria in the food chain. It adversely affects the
environment, animal and human health, economy, and international food trade
(Galal Abdel Hameed et al., 2006). In West Bengal, India, Gram- negative
bacteria have been recently found to be resistant to antibiotics like B-lactams
and tetracyclines (Das et al., 2017). A study conducted in China showed that
fluoroquinolones and sulfonamides were respectively detected in 47.2% and
20.1% of milk from 10 provinces (Zheng et al., 2013).

Natural plant extracts are natural sources of antimicrobial agents and
they are regarded as nutritionally safe and easily degradable (Berahou et al.,
2007; Chika et al., 2007). The use of plant extracts and herbal therapy are
considered an alternative way to reduce the problems of bovine mastitis and
contamination of antibiotic residues in milk. For example, in British
Columbia, Canada, mastitis is treated with Achillea millefolium, Arctium
lappa, Salix alba, Teucrium scorodonia and Galium aparine (Lans et al.,
2017). Mordmuang et al. (2015) demonstrated the antibacterial activity of
Rhodomyrtus tomentosa leaf ethanolic extract against staphylococcal bovine
mastitis isolates with MIC and MBC values ranged from 16—64 pg/ml and 64—
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128 pg/ml, respectively. Das et al. (2009) found that the methanol extract of
Spathodea campanulata inhibited the growth of S. agalactiae, S. uberis, E.
coliand S. aureus (Mubarack et al., 2011). Furthermore, many studies have
also reported that traditional Thai plants had antimicrobial activities against
different types of microbes, including bacteria pathogens ( Hara- Kudo et al.,
2004 and Mordmuang et al., 2015). However, the studies on the antimicrobial
activities of traditional Thai plants against mastitis-causing bacteria were rare.
Our study, therefore, was aimed to evaluate antimicrobial activities of selected
Thai plants: P. betle, A. indica, C. mangga, and Z. montanum, against mastitis-
associated bacteria. The results are expected to serve as a basis for
development of a natural therapeutic product for mastitis control in dairy
cows, which can be a safe alternative to commercial antibiotics.

MATERIAL AND METHODS

Bacterial strains

Field isolates and a reference strain of Staphylococcus and
Streptococcus (12 in total) were used in this study. Staphylococcus
isolates/strain included S. epidermidis, S. aureus, S. capitis subsp. capitis, S.
chromogenes, S. cohnii subsp. cohnii, S. cohnii subsp. urealyticus, S.
haemolyticus, S. hominis subsp. novobioseptiae, S. sciuri, and S. simulans.
Streptococcus isolates included Str. dysgalactiae subsp. dysgalactiae and Str.
uberis. The isolates were obtained from mastitis milk from a Dairy Farm in
Chai Prakan, Chiang Mai, Thailand, apart from S. aureus which was a
reference strain. The bacterial isolates/strain were deposited in the culture
collection of the Food and Environmental Protection Laboratory of the
Microbiology Division, Department of Biology, Chiang Mai University,
Chiang Mai, Thailand. The bacterial isolates/ strain were maintained on
Trypticase soy agar (TSA) or glycerol.

Plants preparation

Four plant species used in this study (Table 1) were purchased from an
organic local market of Chiang Mai, Thailand. The plant rhizomes and leaves
were washed and rinsed with distilled water. After washing, they were cut into
small pieces and dried overnight in a hot air oven at 55 °C. The dried plant
materials of each plant species was grounded with a blender into the powdered
form.
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Extraction procedures

Water and 70 % (v/v) ethanol were used to prepare the extracts from
the dried plant parts. A forty- gram portion of the fine powder from each
sample was extracted with 200 ml distilled water and 70 % ethanol at room
temperature (~23 °C) for 24 h, using shaking condition. The extract was
filtered through Whatman filter paper No. 1 to attain a clear filtrate under
vacuum at room temperature. The filtrates were concentrated using vacuum
rotary evaporator and freeze-dried. The extracts were weighted, stored in
small bottles at 4 °C and their yield percentages were calculated using the
following formula: Extract yield% = R/S x 100; where R is the weight of
extracted plants residues and S is the weight of the original sample.

The 70 % ethanolic extract of each plant species was dissolved in
dimethyl sulfoxide (DMSO) to make a 300 mg/ml stock solution, while the
aqueous extracts were dissolved in distilled water to the same concentration.
The extracts were stored at 4 °C until use

Antimicrobial activity evaluation

Microbial culture preparation. Fresh 3-5 colonies of Staphylococcus
and Streptococcus on TSA were inoculated in Mueller- Hinton broth (MHB)
(Difco, USA) and incubated at 37 °C for 18 h. The bacterial suspensions were
adjusted to approximately 10 cfu/ml, using McFarland turbidity standard No. 5.

Disk diffusion assay. The disk diffusion method was employed for
screening of the antimicrobial activity of each plant extract. Briefly, a suspension
of each bacterial test isolate/strain ( 10® cfu/ml) was swabbed on the surface of
Mueller Hinton agar (MHA). The sterile filter paper discs (6 mm in diameter)
was placed on the top of inoculated Mueller- Hilton agar plates and 10 pl of the
70% ethanolic and aqueous extracts from the stock solution (300 mg/ml) were
loaded onto those sterile filter paper discs. Sterile distilled water was used as the

negative control and Mastilex®, an antibacterial drug (10 pl of 20 mg/ml),
containing 35 mg/ml cephalexin monohydrate and 3.5 mg/ml gentamycin sulfate,
was used as the positive control. The inoculated plates were incubated at 37 °C
for 24 h. Antibacterial activities were evaluated by the diameter of inhibition zone
(in millimeters) of the tested bacteria. All tests were performed in triplicate.

Minimal inhibitory concentration (MIC) and Minimal
bactericidal concentration (MBC) determination. For initial screening,
crude extracts that showed 100% inhibition (no visual growth of bacterial
colonies compared to control) were further evaluated for minimum inhibitory
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concentration (MIC) and minimum bactericidal concentration (MBC) values
with the each of the 70% ethanolic and aqueous extracts according to Reller
et al. (2009). In 96-well microtiter plate, 50 ul of MHB was added in each
well. After adding 50 pl of the 70% ethanolic and aqueous extracts to the first
well containing 50 ul MHB, two-fold serial dilutions were made to obtain
final concentration ranging from 300 mg to 0.07 mg. The 50 pl portion of each
bacterial suspension (10% cfu/ml) was added into each well. The 96-well
microtiter plates were incubated at 37 °C for 18 h. Mastilex® was used as a
positive reference. After incubation, the first well that had visually no growth
of bacteria was determined for the MIC values. Then, the clear wells were
selected and a 10 pl portion was dropped on TSA and incubated at 37 °C for
24 h. The MBC was defined from the concentration which yielded no colony.

RESULTS

Plant Extraction Yields

The percentage yields of the plant extracts were illustrated in Table 1.
The 70% Ethanol extraction gave higher yields of the plant extracts than those
resulted from the aqueous extraction.

Table 1. The yields of the aqueous and 70% ethanolic extracts of the plants
used in this study

Extract yield (%)

o Plant part o
Scientific name Common name 70%
used  AQUEOUS o olic
extract
extract
Piper betle Linn. Betel Pepper leaf 16.84 29.44
Azadirachta indica Neem leaf 20.68 25.12
A. Juss.
Curcuma mangga . .
Valeton & Ziip. Mango ginger rhizome 18.56 27.92
Zingiber montanum Cassumunar
(J. Koenig) Link ex ginger rhizome 20.2 33.96

A. Dietr.

Antimicrobial Activity Evaluation
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The antimicrobial activities of the plant extracts were tested against
mastitis-associated bacteria, using disk diffusion assay (Reller et al., 2009).
From the 8 plant extract preparations (300 mg/ml), four preparations displayed
inhibitory activities against all bacterial isolates tested. These four
preparations included the aqueous extract of P. betle and the 70% ethanolic
extracts of P. betle, A. indica, and C. mangga. The degree of inhibition varied
depending on the bacterial isolates (Figure 1 and 2). The highest antibacterial
activity was detected in 70% ethanolic extract of P. betle, having the average
inhibition zone of 13.42 mm (calculated using data from 12 isolates tested),
followed by the aqueous extract of P. betle (11.83 mm), C. mangga (10.28
mm), and A4. indica (9.86 mm). The extracts from Z. montanum did not show
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Figure 1. Inhibition zone diameters (mm) of the plant extracts against mastitis-
associated bacterial isolates. S1: S. epidermidis, S2: S. aureus, S3: S.
capitis subsp. capitis, S4: S. chromogenes, S5: S. cohnii subsp. cohnii,
S6: Staphylococcus cohnii subsp. urealyticus, ST: S. haemolyticus, S8:
S. hominis subsp. novobiosepticus, S9: S. sciuri, S10: S. simulans, S11:
Str. dysgalactiae subsp. dysgalactiae, S12: Str. uberis

The plant extracts that were positive in the disk diffusion assay were

determined for their MIC and MBC for each isolate. The results are shown in
Table 2. These results indicated that all of the test isolates were most sensitive
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to the 70% ethanolic extract of P. betle, having the MIC and MBC values
ranged from 0.07-1.17 and 0.29-9.38 mg/ml, respectively. Interestingly, the
antibacterial activities of P. betle and C. mangga ethanolic extracts against S.
aureus were better than Mastilex® drug, a commercial antibiotic formula, used
as the positive control.

Figure 2. Inhibitory effects of plant extracts on some mastitis-associated bacterial
strains. 1: S. aureus, 2: S. haemolyticus, 3: S. epidermidis; Pb (a): P.
betle (aqueous extract), Pb (e): P. betle (ethanolic extract), Ai (e): 4.
indica (ethanolic extract), Cm (e): C. mangga (ethanolic extract), -C:
water (Negative control) and +C: Mastilex® (positive control)
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Table 2. MIC and MBC of plant extracts against mastitis-associated bacteria

MIC and MBC of samples (mg/ml)

P. betle C. mangga
Test aqueous 70% ethanolic 70% ethanolic
isolate extract extract extract

MIC MBC MIC MBC MIC MBC
S1 2.34 9.38 1.17 4.69 1.17 4.69
S2 1.17 9.38 0.29 1.17 2.34 18.75
S3 0.59 2.34 0.07 0.29 2.34 4.69
S4 4.69 18.75 1.17 9.38 9.38 18.75
S5 1.17 9.38 1.17 4.69 4.69 9.38
S6 4.69 18.75 2.34 9.38 9.38 9.38
S7 2.34 9.38 1.17 4.69 9.38 37.5
S8 2.34 9.38 1.17 4.69 9.38 37.5
S9 4.69 18.75 1.17 4.69 9.38 18.75
S10 4.69 18.75 1.17 9.38 4.69 4.69
S11 0.59 2.34 0.07 0.29 0.59 2.34
S12 0.59 4.69 0.07 0.29 1.17 2.34
S1 1.17 4.69 37.5 150 0.15 1.17
S2 2.34 18.75 37.5 150 2.34 18.75
S3 2.34 4.69 18.75 75 <0.07 <0.07
S4 9.38 18.75 18.75 75 0.29 1.17
S5 4.69 9.38 4.69 8.75 0.07 0.59
S6 9.38 9.38 37.5 150 0.07 0.29
S7 9.38 37.5 37.5 150 0.59 4.69
S8 9.38 37.5 18.75 75 <0.07 0.15
S9 9.38 18.75 37.5 50 0.29 2.34
S10 4.69 4.69 37.5 150 0.15 0.59
S11 0.59 2.34 0.59 1.17 0.59 2.34
S12 1.17 2.34 0.15 0.59 0.15 1.17
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DISCUSSION

This study investigated the antibacterial potential of the different plant
extracts against bacteria associated with bovine mastitis. Interestingly, we
found that the aqueous and 70% ethanolic extracts of P. betle had antibacterial
activities against all of the bacterial isolates/strains tested. The MIC and MBC
values of P. betle ethanolic extracts ranged from 0.07-2.34 and 0.29-9.38
mg/ml, respectively. Other studies demonstrated many bioactive components
were present in the leaf of P. berle. Examples of the bioactive compounds
were tannins, anthraquinones, flavonoids, alkaloids, terpenoids, saponins,
cardiac glycosides, glycosides, phlobatanins, hydroxychavicol acetate,
isoeugenol, allylpyrocatechol piperbetol, anethole, stearic acid, methyl
eugenol, carvacrol, chavicol, and allylpyrocatechol ( Dwivedi et al., 2014;
Rekha et al., 2014). Some of these compounds have antimicrobial effect on
some bacteria. Taukoorah et al. (2016) showed that the ethylacetate (EAE)
and acetone (ACE) extracts of P. betle leaves gave the highest antimicrobial
potential by inhibiting the growth of many bacterial species, such as
Staphylococcus aureus, S. epidermidis, S. pyogenes, Escherichia coli, and
Pseudomonas aeruginosa. As indicated by the correlation analysis, the high
antibacterial activities of P. betle leaf can be attributed to the total phenolic
contents of both EAE and ACE extracts as well as the high flavonoid contents.

The aqueous and the ethanolic extracts of P. betle leaves had slight
differences in their antibacterial activities. The differences between the
activities of the aqueous and ethanolic extracts of C. mangga and A. indica
were more obvious. While 70% ethanolic extract of C. mangga and A. indica
had mild antibacterial activities, their aqueous extracts had no antibacterial
activity at all. Solvents of varied polarities have been reported to influence the
amount of phytochemicals retrieved from plants. Polar solvents (such as water
and ethanol) and medium- polar solvents (such as ethyl acetate, acetone, and
dichloromethane) will yield different amount of bioactive compounds. For
example, the phenolic contents of Bridelia retusa Spreng. were highest when
extracted with acetone (Tatiya et al., 2011). In our study, we limited the types
of solvents used, because the plant extracts or their active components are
intended for use as a safe, natural alternative antibacterial agent in dairy cattle.

As for Z. montanum, the aqueous and ethanolic extracts had no
antibacterial activity against S. aureus, coagulase-negative Staphylococci, and
Streptococci associated with bovine mastitis. These results were in agreement
with the work of Kamazeri et al. (2012), in which Z. cassumunar oil is reported
to display weak or no antimicrobial activity. It failed to inhibit the growth of
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the gram-postitive S. aureus, gram-negative E. coli. It has been reported that
the dichloromethane (DCM) and methanol extracts of Z. cassumunar rhizome
and root were also inactive against E. coli and C. albicans (Habsah et al.,
2000). Z. montanum oil, however, is known to have anti-inflammatory effect
(Jeenapongsa et al., 2003) and the use of this medicinal plant for mastitis
therapy may employ its anti- inflammatory characteristics rather than the
antimicrobial properties.

It is interesting to observe, from the MIC values, that the antibacterial
activities of the aqueous and 70% ethanolic extracts of P. betle could be better
in suppressing some bacterial species than the antibiotic drug (Mastilex®) at
the concentration used. Their effect on S. aureus and Str. dysgalactiae were
especially worthy to note. Because, S. aureus and Str. dysgalactiae are one of
the most common mastitis pathogens causing contagious and environmental
mastitis (Saidi et al., 2013).They are associated with clinical and sub-clinical
bovine mastitis. Recently, S. aureus has been recognized as facultative
intracellular pathogen by its abilities to produce adherence factors and toxins
such as endotoxin, exotoxins, and a-toxin (Atalla et al., 2010). Intramammary
infection of S. aureus often causes tissue damage and inflammatory process
in host (Otto, 2014 and Wall et al., 2005). Moreover, it is also known as one
of the most important agents in food borne diseases (Braga et al., 2005). Thus,
the extracts from P. betle leaves which showed the antibacterial activities
against S. aureus and Str. dysgalactiae can potentially be used as a natural
alternative to antibiotics to prevent or control mastitis in dairy cattle. The
therapeutic or antibacterial products are being developed.

CONCLUSION

This study demonstrates that the extracts of some traditional Thai
plants, especially of P. betle leaves, possess the antimicrobial activities against
major bacterial species associated with bovine mastitis. The aqueous and 70%
ethanolic extracts of P. betle leaves can be used for further development of
natural products for mastitis treatment and control in dairy cows. Since the
extensive and excessive uses of antibiotics have caused many negative effects
on dairy cattle’ s health, the environment, and food safety, use of potential
antibiotic substitutes such as P. betle extracts can offer an alternative approach
to sustainable, organic, or environmental-friendly farming.

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 357



TSB The 315 Annual Meeting of the Thai Society for Biotechnology
2019 and International Conference (TSB2019)

VS

ACKNOWLEDGEMENTS

This research was financially supported by Research and Researchers
for Industries (RRI), Master degree program, the Thailand Research Fund
(Grant no. MSD 6110021), the government fund, and the Graduate School of
Chiang Mai University. The authors thank the staff members of the
Department of Biology, Faculty of Science, Chiang Mai University for
providing facilities and equipment. We thank Assistant Professor Dr.
Yingmanee Tragoolpua and Dr. Hataichanok Pandith for their insightful
advice and academic support.

REFERENCES

Atalla, H., Gyles, C., Mallard, B. 2010. Persistence of Staphylococcus aureus
small colony variants (S. aueus SCV) within bovine mammary epithelial
cells. Veterinary Microbiology. 143: 319-328.

Amin, A. S., Hamouda, R. H. and Abdel-All, A. A. 2011. PCR assays for
detecting major pathogens of mastitis in milk samples. World Journal of
Dairy and Food Sciences. 6(2): 199-206.

Berahou, A., Auhmani, A., Fdil, N., Benharref, A., Jana, M. and Gadhi, C. A.
2007. Antibacterial activity of quercus ilex bark's extracts. Journal of
ethnopharmacology. 112(3): 426-429.

Braga, L..C., Shupp, J. W., Cummings, C., Jett, M., Takahashi, J.A. and Carmo,
L.S. 2005. Pomegranate extract inhibits Staphylococcus aureus growth
and subsequent enterotoxin production. Journal of Ethnopharmacology.
96: 335-339.

Cressier, B. and Bissonnette, N. 2011. Assessment of an extraction protocol to
detect the major mastitis-causing pathogens in bovine milk. Journal of
Dairy Science. 94(5): 2171-2184.

Chika, C.O., Jude, N.O., Ifeanyi, C.O. and Anyanwu, N.B. 2007. Antibacterial
activities and toxicological potentials of crude ethanolic extracts of
Euphorbia hirta. The Journal of American Science. 3 (3): 11-16.

Das, A., Guha, C., Biswas, U., Jana, P.S., Chatterjee, A. and Samanta, I. 2017.
Detection of emerging antibiotic resistance in bacteria isolated from
subclinical mastitis in cattle in West Bengal. Veterinary World. 10(5):
517.

Das, M.P., Dhanabalan, R., Doss, A. and Palaniswamy, M. 2009. Phytochemical
screening and antibacterial activity of aqueous and methanolic leaf

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 358



TSB The 31% Annual Meeting of the Thai Society for Biotechnology
2019 and International Conference (TSB2019)

extracts of two medicinal plants against bovine mastitis bacterial
pathogens. Ethnobotanical Leaflets. 2009(1): 15.

Dwivedi, V. and Tripathi, S. 2014. Review study on potential activity of Piper
betle. Journal of Pharmacogn Phytochem. 3(4): 93-98.

Galal Abdel Hameed, K., Sender, G. and Korwin-Kossakowska, A. 2006. Public
health hazard due to mastitis in dairy cows. Journal of Animal Science.
25: 73-85.

Habsah, M., Amran, M., Mackeen, M. M., Lajis, N.H., Kikuzaki, H., Nakatani,
N., Rahman, A.A. and Ali, A.M. 2000. Screening of Zingiberaceae
extracts for antimicrobial and antioxidant activities. Journal of
Ethnopharmacology. 72(3): 403-410.

Hogeveen, H., Huijps, K., & Lam, T. J. G. M. 2011. Economic aspects of mastitis:
new developments. New Zealand Veterinary Journal. 59(1): 16-23.

Jeenapongsa, R., Yoovathaworn, K., Sriwatanakul, K. M., Pongprayoon, U., and
Sriwatanakul, K. 2003. Anti- inflammatory activity of (E)-1-(3, 4-
dimethoxyphenyl) butadiene from Zingiber cassumunar Roxb. Journal of
Ethnopharmacology. 87(2-3): 143-148.

Kamazeri, T.S.A.T., Samah, O.A., Taher, M., Susanti, D. and Qaralleh, H. 2012.
Antimicrobial activity and essential oils of Curcuma aeruginosa,
Curcuma mangga, and Zingiber cassumunar from Malaysia. Asian
Pacific Journal of Tropical Medicine. 5(3): 202-209.

Lans, C., Turner, N., Khan, T., Brauer, G. and Boepple, W. 2007. Ethnoveterinary
medicines used for ruminants in British Columbia, Canada. Journal of
Ethnobiology and Ethnomedicine. 3(1): 11.

Mordmuang, A. and Voravuthikunchai, S.P. 2015. Rhodomyrtus tomentosa
(Aiton) Hassk. leaf extract: An alternative approach for the treatment of
staphylococcal bovine mastitis. Research in Veterinary Science. 102:
242-246.

Mubarack, H. M., Doss, A., Dhanabalan, R. and Venkataswamy, R. 2011.
Activity of some selected medicinal plant extracts against bovine mastitis
pathogens. Journal of Animal Veterinary advances. 10(6): 738-741.

Otto, M. 2014. Staphylococcus aureus toxins. Current Opinion in Microbiology.
17: 32-37.

Petrovski, K.R., Buneski, G. and Trajcev, M. 2006. A review of the factors
affecting the costs of bovine mastitis. Journal of the South African
Veterinary Association. 77(2): 52-60.

Rekha, V.P.B., Kollipara, M., Gupta, B.R.S.S., Bharath, Y. and Pulicherla, K.K.
2014. A review on Piper betle L..: Nature’s promising medicinal reservoir.
American Journal of Ethnomedicine. 1(5): 276-289.

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 359



TSB The 31% Annual Meeting of the Thai Society for Biotechnology
2019 and International Conference (TSB2019)

Reller, L. B., Weinstein, M., Jorgensen, J. H. and Ferraro, M. J. 20009.
Antimicrobial susceptibility testing: a review of general principles and
contemporary practices. Clinical Infectious Diseases. 49(11): 1749-1755.

Saidi, R., Khelef, D., Kaidi, R., 2013. Bovinemastitis: prevalence of bacterial
pathogens and evaluation of early screening test. African Journal of
Microbiology Research. 7: 777-782.

Suriyasathaporn, W. , Vinitketkumnuen, U. and Chewonarin, T. 2010.
Relationships among malondialdehyde, milk compositions, and somatic
cell count in milk from bulk tank. Sonklanakarin Journal of Science and
Technology. 32(1): 23.

Tatiya, A., Tapadiya, G., Kotecha, S. and Surana, S. 2011. Effect of solvents on
total phenolics, antioxidant and antimicrobial properties of Bridelia
retusa Spreng. stem bark. Indian Journal of Natural Products and
Resources. 2 (4): 442—447.

Taukoorah, U., Lall, N. and Mahomoodally, F. 2016. Piper betle L. (betel quid)
shows bacteriostatic, additive, and synergistic antimicrobial action when
combined with conventional antibiotics. South African Journal of Botany.
105: 133-140.

Wall, R. ., Powell, A. M., Paape, M. J., Kerr, D. E., Bannerman, D. D., Pursel,
V. G. and Hawk, H. W. 2005. Genetically enhanced cows resist
intramammary Staphylococcus aureus infection. Nature Biotechnology.
23(4): 445.

Zheng, N., Wang, J., Han, R., Xu, X., Zhen, Y., Qu, X., Sun, P., Li, S. and Yu,
7..2013. Occurrence of several main antibiotic residues in raw milk in 10
provinces of China. Food Additives and Contaminants: Part B. 6(2): 84-
89.

November 10-12, 2019 Duangjitt Resort & Spa, Patong, Phuket, Thailand 360



