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Abstract

In Chiang Mai, Thailand, evidence of a high prevalence of bacterial mastitis with antimicrobial resistance has been ob-
served over the past decade. The development of applicable alternative medicine options is needed to address this resistance
situation. The crude extraction of natural resources, such as Japanese pumpkin, should be studied for bacterial activity so
as to raise the economic value of each substance. The objective of this study was to explore the antimicrobial activity of
Japanese pumpkin by-products against bacteria that has caused dairy mastitis to circulate in the Chiang Mai area. Crude
polysaccharides and carotenoids were extracted from Japanese pumpkins. Subsequently, 50 isolates of § bacterial species
were collected from mastitis milk samples obtained from dairy farms in Chiang Mai during August to October, 2018 were
screened for antimicrobial activity using the disc diffusion method. Seven bacterial species displaying inhibition zones
were then explored to determine the minimum inhibitory concentrations (MICs). Consequently, 300 mg/ml of crude pol-
ysaccharide extracts were not found to be able to inhibit most bacteria. However, the MICs of crude carotenoid extracts
ranged from 75 to 300 mg/ml. In summary, by-products of the pumpkin extraction displayed effective antimicrobial activi-
ty. Thus, these by-products offer an alternative in preventing the bacteria causing mastitis. Additionally, this approach could
increase the potential value of a large amount of waste produced during the course of industrial processing.
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INTRODUCTION

Mastitis is an important economic burden for the dairy industry (Kos-
saibati and Esslemont, 1997). Damage to the structure of the mammary gland
of cattle in most cases can be attributed to bacterial infection (Watts, 1988).
Escherichia coli, Streptococcus uberis, Staphylococcus aureus, Streptococcus
dysgalactiae and Streptococcus agalactiae are the major causation agents of
this condition worldwide (Bi et al., 2016; Dufour et al., 2019). The impact of
the problem has directly affected the cost of treatment, while also resulting
in an increase in the culling rate and reductions in milk yield and quality
(Bartlett et al., 1990; Bradley, 2002). Several antibiotics have been used for
the prevention and treatment of mastitis. Penicillin, cephalosporin, streptomy-
cin, tetracycline are broad spectrum antibiotic acts that have been effectively
used against a wide range of disease-causing bacteria (USDA APHIS, 2002).
However, antibiotic resistance is a serious and growing problem among both
humans and livestock (Molla et al., 2007). Persistent overuse and unreasonable
administration of antibiotics have been found in many dairy farms in attempts
at the control and treatment of mastitis. This has resulted in an even greater
chance in the emergence of an antibiotic resistant pathogen. Consequently, it is
imperative that we encourage rational and prudent antibiotic use in the industry
(Molla et al., 2007; Nobrega et al., 2018a; Nobrega et al., 2018b; Oliver and
Murinda, 2012). In Chiang Mai, Thailand, evidence of a high prevalence of
bacterial mastitis with antimicrobial resistance has been identified in several
studies that have been conducted over the past decade (Boonyayatra and Chais-
ri, 2004; Chaisri et al., 2010; Leelahapongsathon et al., 2014; Suriyasathaporn
et al., 2012).

Natural extracts have the potential to replace antibiotics and might
be employed to address the situation of antimicrobial resistance (Cheng et
al., 2014). Interestingly, polysaccharide extracts obtained from the Ameri-
can pumpkin (Cucurbita moschata) has displayed antibiotic activity against
Bacillus subtilis, Staphylococcus aureus and Escherichia coli (Qian, 2014).
Furthermore, it has been found that certain important substances, such as ca-
rotenoids that are present in pumpkins, have displayed antimicrobial activity
against Staphylococcus aureus, Bacillus subtilis, Bacillus cereus, Salmonella
Enteritidis, and Escherichia coli (Keceli et al., 2013). In Thailand, a significant
amount of by-products is generated by the food industry. An example of this
would be the by-products that are produced through the growing and sales
of the Japanese pumpkin. However, the antimicrobial activity of the Japanese
pumpkin (Cucurbita maxima) has not yet been investigated. Hence, it would
be of considerable value to examine the antimicrobial activity of the Japanese
pumpkin. In addition, the results of this study could be extended to produce a
functional extract substance that can be applied in organic animal production
or for use in pharmaceutical products at the industrial level. Consequently, the
objective of this study was to explore the antimicrobial activity of Japanese
pumpkin by-products against bacteria that is suspected of causing dairy masti-
tis in the Chiang Mai area. These extract substances are likely to possess anti-
microbial activity that could raise the value of Japanese pumpkin by-products,
and thereby contribute substantially to its economic value.
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MATERIALS and METHODS

Isolates

In this study, fifty bacterial isolates were obtained from mastitis milk
samples collected from dairy farms in Chiang Mai during the period of August
to October, 2018. The local isolates were comprised of Acinetobacter calco-
aceticus (n=2), Acinetobacter Iwoffii (n=1), Bacillus cereus (n=1), Bacillus
spp. (n=6), Corynebacterium spp. (n=4), Escherichia coli (n=11), Klebsiella
pnuemoniae (n=4) and cougulase-negative Staphylococci (n=21).

Crude polysaccharide extractions obtained from Japanese
pumpkin by-products

The method used in this research study was modified from that which
was employed in the study of Gu and Pan (2017). The white and green skin of
fresh fully grown (105-110 days) Japanese pumpkin by-products were macer-
ated with 95% ethanol in ration 1:10 (w/v) for 24 hours. Then, the residue was
boiled in distilled water at 60 oC for 1 hr. The residue was then precipitated by
ethanol 95% (1:10 ratio) for 24 hrs and centrifuged 2 times at 3000 rpm 10 min.
The supernatant was filtrated through Whatman’s filter paper No. 1 (What-
man®, USA) and then dried in a vacuum evaporator. Finally, both the dried
supernatant and the pellets were freeze dried to yield the crude polysaccharide.

Crude carotenoid extractions obtained from Japanese pumpkin
by-products

Here, the method was modified from that which was employed in the
study of Yolmeh et al. (2016). The white and green skin of fresh Japanese
pumpkin by-products were macerated with acetone in ration 1:10 (w/v) for 24
hours. The filtrated residue was dried with a vacuum evaporator. Acetone ex-
tracts were collected and carotenoids were then extracted with petroleum ether
(1:10 ratio) followed by being centrifuged 2 times at 3000 rpm 10 min. Finally,
the supernatant was evaporated to remove petroleum ether. Carotenoid extracts
were then collected.

Testing of antimicrobial susceptibility of Japanese pumpkin

by-products using disc diffusion method

All isolates were screened for antimicrobial activity using the disc dif-
fusion method. Subsequently, 10° McFarland of bacteria were inoculated on a
Mueller-Hinton agar plate (MHA, MERCK, Germany). Papers comprised of
100 mg crude polysaccharide of the green skin of Japanese pumpkin by-prod-
ucts (GPJP) and 300 mg of crude carotenoid extracts obtained from the green
and white skin of Japanese pumpkin by-products (GCJP and WCJP) and crude
polysaccharide extracts obtained from the white skin of Japanese pumpkin
by-products (WPJP) discs were placed on the inoculated agar surface. 100%
dimethyl sulfoxide (DMSO) (Pipatphatsakorn et al., 2018) inoculated disc was
used as a control for confirming that the solvent had no effect on antimicrobial
activity. Plates were incubated for 24 hrs at 37°C prior to obtaining the desired
results. Bacterial isolates with the inhibition zone were chosen to further the
process of agar microdilution testing.
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Testing of antimicrobial susceptibility of Japanese pumpkin

by-products using agar microdilution

The agar microdilution method was modified from the study of Golus
et al. (2016) according to the Clinical and Laboratory Standards Institute
(2015). Previously prepared 2X molten Mueller-Hinton agar were added 96-
well plate (50 pl per well). The crude polysaccharide extracts obtained from
WPJP, GCJP and WCJP were diluted by sterile distilled water from stock solu-
tion with 2-fold serial dilution broth at concentrations of 300, 150, 75, 37.5,
18.75, 9.38 and 4.69 mg/ml in 96-well microtiter plates. Additionally, crude
polysaccharide extract obtained from the GPJP was diluted sterile distilled wa-
ter from the stock solution with 2-fold serial dilution broth at concentrations of
100, 50, 25, 12.5, 6.25, 3.13 and 1.56 mg/ml in 96-well microtiter plates. Each
well contained the same volume of 200 pl including the control. After that, 2
ul of 105 McFarland of bacteria was inoculated to each well and the lid was
closed. Subsequently, the 96-well microtiter plates were incubated for 24 hrs
at 37°C prior to determining the results. Minimum inhibitory concentrations
were observed with regard to the turbidity of the wells indicating the growth of
bacteria.

RESULTS

Testing of antimicrobial susceptibility of Japanese pumpkin

by-products using disc diffusion method

All isolates were screened for antimicrobial activity using the disc dif-
fusion method. Some bacteria species, consisting of A. calcoaceticus, A. Iwoffii,
B. cereus, Corynebacterium spp., E. coli and coagulase-negative Staphylococci,
were inhibited using polysaccharide and carotenoid extracts obtained from Jap-
anese pumpkin by-product. Inhibition zone diameters were measured to deter-
mine the antimicrobial activity of the extracted substances. coagulase-negative
Staphylococci (n=1; 4.8%) was inhibited by 100 mg/ml GPJP with 10 mm of
an inhibition zone. Additionally, coagulase-negative Staphylococci (n=1; 14.8%)
and K. pnuemoniae (n=1; 25%) were inhibited by 300 mg/ml WPJP with 10 mm
and 8 mm of an inhibition zone, respectively. Furthermore, many isolates were
inhibited by 300 mg/ml of GCJP and WCJP with inhibition zones of varying
inhibition zone diameters. Conversely, Bacillus spp. was not inhibited by both
crude polysaccharide and carotenoid extracts (Tablel).
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Testing of antimicrobial susceptibility of Japanese pumpkin

by-products using agar microdilution

Most bacterial isolates were found to be inhibited by crude carotenoid
extracts. The minimum inhibitory concentrations (MICs) of the crude carot-
enoid extract obtained from Japanese pumpkin by-products varied from 75
to more than 300 mg/ml. However, the crude polysaccharide extract obtained
from Japanese pumpkin by-products could not inhibit most bacteria at a con-
centration of 300 mg/ml. Additionally, only one of the 21 isolates of coagu-
lase-negative Staphylococci was inhibited by 100 mg/ml of GPJP, while the
others were not inhibited at the same concentration value. The MICs of WPJP
for some K. pnuemoniae (n=1; 25%) and coagulase-negative Staphylococci
(n=1; 4.76%) isolates were 300 mg/ml. Furthermore, the MICs of WPJP for
most of the strains were found to be more than 300 mg/ml, and these were
comprised of 4. calcoaceticus (n=2; 100%), A. Iwoffii (n=1; 100%), B. cereus (n=1;
100%), Corynebacterium spp. (n=4; 100%), E. coli (n=11; 100%), K. pnuemo-
niae (n=3; 75%) and coagulase-negative Staphylococci (n=20; 95.24%). The
MICs of GCJP were observed at 150 mg/ml in some of the isolates, namely
A. calcoaceticus (n=1; 50%), 4. Iwoffii (n=1; 100%), B. cereus (n=1; 100%),
Corynebacterium spp. (n=2; 50%), E. coli (n=1;9.09%) and coagulase-negative
Staphylococci (n=1; 4.76%). The MICs of WCJP were measured at 150 mg/ml
for some strains of Corynebacterium spp. (n=1; 25%) and coagulase-negative
Staphylococci (n=4; 19.05%). The MICs of WCJP were measured at 75 mg/ml
for some strains of 4. calcoaceticus (n=2; 100%), A. Iwoffii (n=1; 100%), B.
cereus (n=1; 100%) and Corynebacterium spp. (n=1; 100%) (Table 2).
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Table 2 Frequency distribution of minimum inhibitory concentrations (MICs) of Japanese pumpkin by-
product extract for 44 bacterial isolates from bovine mastitis

Number and percentage of isolates

 Etn
>300? 3003 150* 75°
GCJP® 1 (50%) - 1 (50%) -
Acinetobacter calcoaceticus 2 WCIJIP? - - - 2 (100%)
WPJP® 2 (100%) - - -
GCJp - - 1 (100%) -
Acinetobacter lwolffii 1 WCIP - - - 1 (100%)
WPJP 1 (100%) - - -
GCJp - - 1 (100%) -
Bacillus cereus 1 WCIJP - - - 1 (100%)
WPJP 1 (100%) - - -
GCJp 2 (50%) - 2 (50%) -
Corynebacterium spp. 4 WCIJP 2 (50%) - 1 (25%) 1 (25%)
WPJP 4 (100%) - - -
GCJP 10 (90.91%) - 1 (9.09%) -
Escherichia coli 11 WCJP 11 (100%) - - -
WPJP 11 (100%) - - -
GCJp 4 (100%) - - -
Klebsiella pnuemoniae 4 WCJP 4 (100%) - - -
WPJP 3 (75%) 1 (25%) - -
GCJp 20 (95.24%) - 1 (4.76%) -
Coagulase-negative Staphylococci 21 WCJP 17 (80.95%) - 4 (19.05%) -
WPJP 20 (95.24%) 1 (4.76%) - -

! Total number of isolates tested in each extraction substances

2 At 300 mg/ml of extraction substances, bacterial isolates were not inhibited

3300 mg/ml of extraction substances

* 150 mg/ml of extraction substances

75 mg/ml of extraction substances

¢ Carotenoid extract obtained from the green skin of Japanese pumpkin by-products

7 Carotenoid extract obtained from the white skin of Japanese pumpkin by-products

8 Polysaccharide extract obtained from the white skin of Japanese pumpkin by-products
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DISCUSSION

To our knowledge, this is the first study on the crude polysaccharides
and carotenoids extracted from the white and green skin of Japanese pumpkin
by-products with regard to their antimicrobial activity. Notably, 300 mg/ml
represented the beginning of GCJP, WCJP and WPJP concentration values for
the disc diffusion test. Nonetheless, 100 mg/ml represented the beginning of
the GPJP concentration value. This was because a higher concentration value
could not be prepared due to the insolubility of the substance in DMSO. Dif-
ferences in the degree of crude polysaccharide solubility between the green
and white skins of Japanese pumpkin by-products is still unknown. However,
100 % DMSO used as control in this study showed no effect on antimicrobial
activity (Pipatphatsakorn et al., 2018).

Interestingly, many strains of bacteria, including A. calcoaceticus, A.
lwoffii, B. cereus, Corynebacterium spp., E. coli and coagulase-negative Staph-
vlococci, were found to be inhibited by GCJP and WCJP extractions within a
range of 75-300 mg/ml. However, other bacterial strains included in this study
may be inhibited by GCJP and WCJP extractions at concentrations higher than
300 mg/ml. This may have been caused by several factors related to the species
and its ability to resist the antibiotic that is specific to the infection. This inhi-
bition may have also been influenced by differences in the cell wall structure,
the lipid composition of the cytoplasmic membrane and the composition of dif-
ferent types of bacteria (Devine and Hancock, 2002; Karpinski and Adamczak,
2019). Furthermore, purified extraction methods should be employed in further
studies.

In the study conducted by Karpinski and Adamczak (2019), fucoxan-
thin, a marine carotenoid extracted from brown algae and diatoms, was found
to be effective against some Gram-positive pathogens including S. agalactiae,
S. epidermidis and S. aureus, but was found to be weaker against Gram-neg-
ative ones (e.g., E. coli, K. oxytoca, K. pneumoniae). Additionally, the carote-
noid extract obtained from Rhodotorula glutinis yeast inhibited the growth of
S. aureus, B. subtilis, B. cereus, S. Enteritidis and E. coli (Keceli et al., 2013).
Carotenoid extracts could be effective against many species of bacteria that
are similar to those included in our study. However, the MICs of fucoxanthin
for gram-positive bacteria reached values of between 62.5 and 250 pg/mL,
while the gram-negative values were from 125 to 500 pg/ml. In addition, the
MICs of carotenoid extracts obtained from Rhodotorula glutinis for bacteria
values varied from 0.56 to 0.95 ug/ml. These findings were different from those
of our study possibly because of the degree of purification in the extraction
process. The mechanism of carotenoids is unknown; however, carotenoids are
also known to be antioxidants. Importantly, the possible mechanisms of the
antimicrobial activity of antioxidants include three basic attributes: outer mem-
brane permeability, cytoplasm leakage, and inhibition of nucleic acid forma-
tion (Karpinski and Adamczak, 2019).
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The MIC of WPJP was found to be as high as 300 mg/ml, which may
be able to inhibit the growth of some bacteria. This outcome was different from
that of the study conducted by Qian (2014), wherein 100 mg/ml of polysaccha-
ride extracted from C. moschata was found to be protective against B. subtilis,
S. aureus and E. coli. This may have been due to the extraction technique used
for polysaccharides and the species of pumpkin being investigated. Interest-
ingly, polysaccharides can also be extracted from certain animal constituents
such the cuttlebone, wherein the degree of antimicrobial activity has been re-
corded in B. subtilis, E. coli, K. pneumoniae, V. cholerae, V. parahaemolyticus,
S. aureus, P. aeruginosa, S. typhi and Shigella spp. (Shanmugam et al., 2008).
The antimicrobial mechanism of polysaccharides can damage the bacterial cell
wall and the cell membranes, thereby increasing cell permeability which can
be the cause of structural lesions and the release of cell components, both of
which can lead to cell death (Zhang et al., 2017). The antimicrobial activity of
polysaccharides depends on certain factors related to their distribution, molec-
ular weight, charge density and sulphate content (in sulphated polysaccharides)
(Pérez et al., 2016).

Nevertheless, the antimicrobial activity of carotenoids and polysaccha-
rides that was investigated in this study may significantly depend upon the
source of isolation and the composition of the carotenoids and polysaccharides
present in Japanese pumpkin by-products. Notably, pure extraction methods
are quite costly. This study demonstrated that crude extracts also display an-
timicrobial activity but require a high degree of concentration. However, this
finding can increase the value of the relevant by-products.

CONCLUSION

The crude carotenoid extraction substances investigated in this study
exhibited antimicrobial activity against both gram positive and negative bacte-
ria. The development of these substances has potential to influence the efficien-
cy of dairy farming in Thailand with regard to the quality of milk production.
This can be of great importance to the agricultural industry, as well as being
beneficial to the health of both producers and consumers. It is imperative that
we develop standardized products that directly contribute to the sustainability
of dairy farming. The by-products obtained during pumpkin extraction display
antimicrobial activity and could be a beneficial alternative in the prevention
of the bacterial infection that is known to cause mastitis. Additionally, this
approach could increase the potential value of a large amount of waste that is
produced from pumpkin processing factories.

Tadee et al. Vet Integr Sci. 2020; 18(3): 141-152 149




VETERINARY INTEGRATIVE SCIENCES

ACKNOWLEDGEMENTS

This study was supported by the funding of Maejo university research
fund, new researcher scholarship. We wish to thank technicians of Section of
bacteriology, Veterinary Research and Development Center (Upper Northern
Region), Lampang, Thailand who helped with bacterial identification. The au-
thors are grateful to Center of Excellence in Agricultural Innovation for Grad-
uate Entrepreneur, Maejo university by supplying with extraction substance in-
cluded in the study. Finally, we would like to express our thanks to Faculty of
Animal Science and Technology for their significant contributions.

CONFLICT of INTEREST

All authors declare no conflict of interest

AUTHOR CONTRIBUTION

Conceived and designed the experiments: PT, KC, DA. Performed the
experiments: PT,KC,AP,NK. Analyzed the data: PT. Contributed reagents/mate-
rials/analysis tools: PT,KC,DA. Wrote the paper: PT.

REFERENCES

Bartlett, P.C., Miller, G.Y., Anderson, C.R., Kirk, J.H. 1990. Milk production
and somatic cell count in Michigan dairy herds. J. Dairy Sci. 73, 2794—
2800.

Bi,Y., Wang, Y. J., Qin, Y., Vallverdu, R. G., Garcia, J. M., Sun, W,, L1, S., Cao,
Z. 2016. Prevalence of bovine mastitis pathogens in bulk tank milk in
China. PLoS One. 11, e0155621. https://doi.org/10.1371/journal.
pone.0155621

Boonyayatra, S., Chaisri, W., 2004. Incidence and prevalence of
subclinical mastitis in small holder dairy farms of Chiang Mai
province, Thailand. Chiang Mai Vet. J. 2, 25-30.

Bradley, A. 2002. Bovine mastitis: An evolving disease. Vet. J. 164, 116—128.

Chaisri, W., Okonogi, S., Kreausukon, K., Pinyopummintr, T., Suriyasathaporn,
W. 2010. Effects of medium and high discomfort periods during dry
environment on either pathogens causing subclinical mastitis or
antimicrobial resistance of environmental Streptococci and
coagulase-negative Staphylococci. CMU. J. Nat. Sci. 9, 217-230.

Cheng, G., Hao, H., Xie, S., Wang, X., Dai, M., Huang, L., Yuan, Z. 2014.
Antibiotic alternatives: The substitution of antibiotics in animal
husbandry? Front. Microbiol. 5. https://doi.org/10.3389/fmicb.
2014.00217

Clinical and Laboratory Standards Institute. 2015. Methods for dilution
antimicrobial susceptibility tests for bacteria that grow aerobically;
Approved standard, 10th edn. CLSI document M07-A10. Wayne, PA:
Clinical and Laboratory Standards Institute

Tadee et al. Vet Integr Sci. 2020; 18(3): 141-152 150




VETERINARY INTEGRATIVE SCIENCES

Devine, D.A., Hancock, R.E.-W. 2002. Cationic peptides: Distribution and
mechanisms of resistance. Curr. Pharm. Des. 8, 703-714.

Dufour, S., Labrie, J., Jacques, M. 2019. The mastitis pathogens culture
collection. Microbiol. Resour. Announc. 8. https://doi.org/10.1128/
MRA.00133-19

Golus, J., Sawicki, R., Widelski, J., Ginalska, G. 2016. The agar microdilution
method—A new method for antimicrobial susceptibility testing for
essential oils and plant extracts. J. Appl. Microbiol. 121. https://
doi.org/10.1111/jam.13253

Gu, C., Pan, S. 2017. Extraction, purification and antibacterial activity of
polysaccharides from Purslane. Adv. Eng. Res. 129, 734-740. https://
doi.org/10.2991/iceesd-17.2017.135

Karpinski, T. M., Adamczak, A. 2019. Fucoxanthin—An antibacterial
carotenoid. Antioxidants. 8. https://doi.org/10.3390/antiox8080239

Keceli, T., Erginkaya, Z., Turkkan, E., Kaya, U. 2013. Antioxidant and
antibacterial effects of carotenoids extracted from Rhodotorula
glutinis strains. Asian J. Chem. 25, 42-46.

Kossaibati, M.A., Esslemont, R.J. 1997. The costs of production diseases in
dairy herds in England. Vet. J. 154, 41-51.

Leelahapongsathon, K., Schukken, Y. H., Suriyasathaporn, W. 2014. Quarter,
cow, and farm risk factors for intramammary infections with major
pathogens relative to minor pathogens in Thai dairy cows. Trop. Anim.
Health. Pro. 46, 1067-1078.

Molla, B., Miko, A., Pries, K., Hildebrandt, G., Kleer, J., Schroeter, A.,
Helmuth, R. 2007. Class 1 integrons and resistance gene
cassettes among multidrug resistant Salmonella serovars isolated from
slaughter animals and foods of animal origin in Ethiopia. Acta Trop.
103, 142—149.

Nobrega, D.B., De Buck, J., Barkema, H.-W. 2018a. Antimicrobial resistance
in non-aureus Staphylococci isolated from milk is associated with
systemic but not intramammary administration of antimicrobials
in dairy cattle. J. Dairy Sci. https://doi.org/10.3168/1ds.2018-14540

Nobrega, D.B., Naushad, S., Naqvi, S.A., Condas, L.A.Z., Saini, V.,
Kastelic, J.P., Luby, C., De Buck, J., Barkema, H.W. 2018b.
Prevalence and genetic basis of antimicrobial resistance in non-aureus
Staphylococci isolated from Canadian dairy herds. Front. Microbiol. 9,
256. https://doi.org/10.3389/fmicb.2018.00256

Oliver, S.P., Murinda, S.E. 2012. Antimicrobial resistance of mastitis
pathogens. Vet. Clin. North Am. Food Anim. Pract. 28, 165-185.

Pérez, M.J., Falqué, E., Dominguez, H. 2016. Antimicrobial action of
compounds from marine seaweed. Mar. Drugs. 14. https://
doi.org/10.3390/md14030052

Pipatphatsakorn, M., Temkitthawon, P., Teenawong, C., Tanthasane, R.,
Wongwiriya, A., Damrongwanich, O., Chailom, K., Lohpongpanich,
N., Thongpenyai, P., Detpong, W. 2018. Antifungal activity and
cytotoxicity to human gingival fibroblast of Terminalia bellirica
compounds in dichloromethane fraction. CM Dent. J. 39, 61-74.
(In Thai)

Qian, Z.G. 2014. Cellulase-assisted extraction of polysaccharides from
Cucurbita moschata and their antibacterial activity. Carbohydr.
Polym. 101, 432-434.

Tadee et al. Vet Integr Sci. 2020; 18(3): 141-152 151




VETERINARY INTEGRATIVE SCIENCES

Shanmugam, A., Mahalakshmi, T., Vino, B. 2008. Antimicrobial activity of
polysaccharide isolated from the cuttlebone of Sepia aculeata (Orbingy,
1848) and Sepia brevimana (Steenstrup, 1875): An approach to selected
antimicrobial activity for human pathogenic microorganisms. J. Fish
Aquat. Sci. 2, 268-274.

Suriyasathaporn, W., Chupia, V., Sing-Lah, T., Wongsawan, K., Mektrirat, R.,
Chaisri, W. 2012. Increases of antibiotic resistance in excessive use of
antibiotics in smallholder dairy farms in northern Thailand. Asian
Austral. J. Anim. 25, 1322-1328.

USDA APHIS.2002.United States Department of Agriculture, Animal Plant
Health Inspection Service National Animal Health Monitoring System.
Antibiotic use on U.S. dairy operations, 2002 and 2007. Available at:
http://nahms.aphis.usda.gov/dairy/index. htm#dairy2007. Accessed
January 28, 2019.

Watts, J.L. 1988. Etiological agents of bovine mastitis. Vet. Microbiol. 16,
41-66.

Yolmeh, M., Hamedi, H., Khomeiri, M. 2016. Antimicrobial activity of
pigments extracted from Rhodotorula glutinis against some bacteria
and fungi. Zahedan. J. Res. Med. Sci. https://doi.org/10.17795/
zjrms-4954

Zhang, Y., Wu, Y.T., Zheng, W., Han, X.X., Jiang, Y.H., Hu, P.L., Tang,
Z.X., Shi, L.E. 2017. The antibacterial activity and antibacterial
mechanism of a polysaccharide from Cordyceps cicadae. J. Funct.
Foods. 38, 273-279.

How to cite this article;

Phacharaporn Tadee, Kridda Chukiatsiri, Doungporn Amornlerdpisan, Anon Paserakung and
Nattinee Kittiwan. Antimicrobial effect of Japanese pumpkin (Cucurbita maxima) extract on
local bovine mastitis pathogen. Veterinary Integrative Sciences. 2020; 18(3): 141-152.

Tadee et al. Vet Integr Sci. 2020; 18(3): 141-152 152




