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Screening antimicrobial properties against mastitis pathogens
of turmeric extract after combination with various antiseptics

Wasana Chaisri1,2 Noppason Pangprasit1,2 Anyaphat Srithanasuwan1,2
Montira Intanon1,3 Witaya Suriyasathaporn1,2*

Abstract
The aim of this study was to determine the screening for antimicrobial properties against mastitis pathogens of
turmeric extract in combination with various antiseptics. The antibacterial effects of turmeric extract in combination
with various antiseptics (5% povidone iodine, 0.5% v/v hydrogen peroxide (H 2O2), 0.5% v/v chlorine (Cl2), and 0.5%
v/v chlorhexidine) were determined using the agar well diffusion method. Results showed that additional turmeric
extract had significantly decreased the antimicrobial activities of either Cl 2 or chlorhexidine against almost all mastitis
pathogens, except S. agalactiae for Cl2 and gram negative bacteria for chlorhexidine. In contrast, no negative effect was
found between turmeric extract and H2O2 against most mastitis pathogens. In addition, a positive antimicrobial effect
of turmeric extract and H2O2 against other Streptococcus spp was found. In conclusion, H2O2 was the only antiseptic that
can combine with turmeric extract and might support the advantages of the combination to improve wound healing
and the antiseptic properties of H2O2 for further development for a future antiseptic product for teat dipping, especially
for cows with teat end score damage.
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Introduction
Curcumin, the main active component or rhizome
of turmeric (Curcuma longa L.), exhibits an important
role in the wound healing process by promoting
antioxidant, antimicrobial, anti-inflammatory and skin
regeneration activities (Cheppudira et al., 2013;
Hewlings and Kalman, 2017; Moghadamtousi et al.,
2014; Vanden and Haegeman, 2010). Previous studies
on wound healing properties have shown that
curcumin can improve the rate of epithelialization,
enhance granulation tissue, collagen deposition and
wound contact (Cheppudira et al., 2013; Sidhu et al.,
1998; Vanden and Haegeman, 2010).
Mastitis in dairy cows has been established as the
most costly disease in the dairy industry worldwide.
For healthy teats, pre-milking and post-milking teats
dipped in appropriate antiseptics for eliminating
bacteria on the teat skin has been found to be one of the
most effective procedures for reducing the incidence of
new intramammary infection (Gleeson et al., 2018;
Leslie et al., 2006). Various chemical antiseptics are
available in commercial teat disinfectants such as
chlorine, iodine, iodophor, hydrogen peroxide, and
chlorhexidine (Gleeson et al., 2018; Leslie et al., 2006;
Rasmussen and Larsen, 1998). In many cases, however,
inappropriate milking procedures and/or the use of
milking machines without regularly maintenance
causes damage to the teat orifice such as increased
callosity, hyperkeratosis, cracks, sores and erosion at
the teat ends (Cerqueira et al., 2018; Neijenhuis et al.,
2001), and consequently increases risk of new
intramammary infections (Mulei, 1999; Neijenhuis et
al., 2001).
Correction of milking procedures and milking
machines will stop damage to the teat orifice, and the
subsequent natural wound healing process will cure
the damaged teat end. To accelerate the wound healing
process, the use of turmeric extracts and/or in
combination with other antiseptics might be an ideal
antiseptic teat dipping disinfectant for farms with
damaged teat end problems. From our literature
reviews, curcumin was found to be synergistic in
combination with 8 different antibiotic groups against
S. aureus (Teow and Ali, 2015), but there were no
studies for other incidental mastitis pathogens such as
S. agalactiae, other streptococci, other staphylococci or
those known as coagulase negative staphylococci
(CNS), and gram negative bacteria. In screening
antimicrobial testing for various plant extracts, the
agar diffusion method has been the sufficient accepted
method to evaluate the antimicrobial activity (Valgas et
al., 2007; Sugathan et al., 2012). Therefore, the objectives
of this study were to determine the screening
antibacterial effects of turmeric extract and its
combination with various antiseptics against
microorganisms causing dairy mastitis. In addition, a
concentration of curcumin in turmeric extract was
determined.

Materials and Methods
Animals: The study was conducted with ethics
Chemicals and reagents Turmeric powders were
purchased from a supermarket in Chiang Mai,
Thailand. Curcumin standard at 99.8% purification

was purchased from Sigma-Aldrich (St. Louis, USA)
Analytical grade methanol, HPLC grade of methanol
and water were purchased from Labscan (Bangkok,
Thailand). Trypticase Soy Broth (TSB), Trypticase Soy
Agar (TSA) and Muller-Hinton agar (MHA) were
purchased from Merck (Darmstadt, Germany).
Turmeric extraction Turmeric powders (1000 g) were
extracted with 15 L of methanol using maceration
technique for 20 h at room temperature. Subsequently,
the extracts were filtered using 0.45 micron filter
papers and concentrated using a vacuum rotary
evaporator with a controlling temperature of 45oC
(Büchi Labortechnik AC, Flawil, Switzerland). The
extract were dried in a conventional oven until
reaching a constant weight and stored at 4oC until use.
The extract was re-dissolved in methanol to obtain the
final concentration of 5 µg/ml before being subjected
to HPLC analysis.
Determination of curcumin in crude extract The
percentage of curcumin in the turmeric crude extract
was analyzed using High Performance Liquid
Chromatography (HPLC). The separation was
implemented on Schimadzu CBM-20A controller, LC20AD pump, SIL-20AHT auto injector, the fluorescence
detector SPD-20A (Shimadzu, Tokyo, Japan) and
operating
software
of
LC-solution.
The
chromatographic method was carried out isocratically
with a flow rate of 1 ml/min. The mobile phase
consisted of methanol and water (85:15 v/v).
Separation was achieved using a Phenomenex® C18 (5
μm; 4.6 mm x 250 mm, 5 µm) analytical column
connected to an Inersil® C18 (50 mm x 4.6 mm, 5 µm)
guard column. The column temperature was set at
35oC. The detection wavelengths were set at 426 nm
and 539 nm for excitation and emission, respectively.
The injection volume was 20 μL and the running time
was 8 mins. Calibration curves were prepared by
dissolving an accurate weight of curcumin standard
and further diluted in methanol to obtained
concentration ranges of 1-10 µg/ml.
Bacterial preparation For antimicrobial activities of
the tested substances, 2 reference strains including
Staphylocococcus aureus ATCC25923 and Escherichia coli
ATCC12228 were purchased and used. Field strain of
mastitis bacteria were obtained from a stock of stored
bacteria, Faculty of Veterinary Medicine, Chiang Mai
University. Prior to study, all selected bacterial
isolations had been confirmed for their species by
MALDI-TOF Mass Spectrometry (Bruker Daltonics)
according to the manufacturer’s recommendation.
Spectra were analyszed using Bruker Biotyper
softwareReal Time Classification 3.0 software as
describe by (Barreiro et al., 2010). The isolates with
species level identification scores ≥ 2.00 using the
manufacture’s criteria, log scores ≥ 2.00 were used. In
total, fifty field strains comprising five strains for each
pathogen of 10 mastitis pathogens including
Streptococcus
agalactiae,
Streptococcus
uberis,
Streptococcus dysgalactiae, Staphylococcus aureus,
Staphylococcus epidermidis, Staphylococcus chromogenes,
Staphylococcus
hyicus,
Staphylococcus
xylosus,
Staphylococcus haemalyticus, Staphylococcus simulant,
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Escherichia coli and Klebseilla pneumoniae were used.
These microorganisms were maintained in 15-20%
glycerol and kept at -80 oC. All the bacterial strains
were recovered by sub-culturing in Trypticase Soy
Broth (TSB), incubation at 37 oC for 8-12 h and/or
growing on Trypticase Soy Agar (TSA) at 37 oC for 24
h when required.
Antibacterial trial design study The turmeric extract,
other antiseptics, turmeric extracts in combination with
other antiseptics and a commercial 0.5% iodine teat
dipping antiseptic (Iodine teat dip) available in the
local market were used to compare their antibacterial
activities. The turmeric extracts were dissolved in
DMSO to obtain the concentration of 5%w/v and used
as a control group (Klawitter et al., 2012). Other
antiseptics used in this study included 5% povidone
iodine (PVP), 0.5% v/v hydrogen peroxide (H2O2)
(Rios-Castillo et al., 2017), 0.5% v/v chlorine (Cl2), and
0.5% v/v chlorhexidine (Gleeson et al., 2009; Hicks et
al., 1981), and were prepared using distilled water as
dissolved solutions. The combinations of turmeric
extract with other antiseptic compounds were
prepared using turmeric extract, dissolved with DMSO
and Tween, and then mixed with each prepared
antiseptic compound to obtain the final concentration
of turmeric 5% and antiseptic 0.5% v/v (Gleeson et al.,
2009; Zaikin et al., 2013).
The antibacterial activities of all prepared
compounds were determined using the agar diffusion
method according to The National Committee for
Clinical Laboratory Standard (NCCLS, 1997). Briefly,
prepared bacterial strains were separately inoculated
in 0.9% normal saline, incubated at 37°C for 24 h and
the turbidity adjusted with 0.5 McFarland to obtain a
final concentration of 108 colony-forming units

Figure 1
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(CFU)/ml. To confirm the viability of bacteria,
counting the number of bacteria was performed before
experiment. The bacterial suspension was inoculated at
the surface of Muller-Hinton agar using a sterile cotton
swab. Wells with a 6.0 mm diameter were made using
a croxi broiler. The wells were filled with fifty
microliters of each compound and incubated for 24 h.
The diameters of inhibition zones were measured in
millimeters after incubation
Statistical analysis: The concentration of curcumin
from turmeric extract was described in percentage by
weight. All pathogens were separated into 5 groups
including 1) S. agalactiae, 2) other streptococci from
Streptococcus uberis, Streptococcus dysgalactiae, 3) S.
aureus, 4) coagulase negative staphylococci (CNS) from
Staphylococcus epidermidis, Staphylococcus chromogenes,
Staphylococcus
hyicus,
Staphylococcus
xylosus,
Staphylococcus haemalyticus, Staphylococcus simulant,
and 5) Gram negative bacteria from Escherichia coli and
Klebseilla pneumoniae. Antibacterial activities separated
for bacterial group of PVP teat dip, turmeric extract,
H2O2, Cl2, and chlorhexidine were determined by their
diameters of inhibition zones and were analyzed using
analysis of variance (ANOVA). Pairwise comparisons
among groups were performed using Duncan’s test
and the significant difference was defined at P < 0.05.

Results
Curcumin extraction: The extraction yield of turmeric
powder in this study was 27.2%. The HPLC analysis of
curcumin showed single peaks at retention times of
4.11 mins (Figure 1). The value of curcumin yield was
1.73%.

Chromatogram of curcumin in turmeric extract

Antibacterial activities of turmeric extract and its
combination with other antiseptic compounds:
Antibacterial activities indicated by the inhibition zone
of turmeric extracts and all antiseptic compounds with
and without combinations with turmeric extracts,
separated for bacterial groups, are shown in Figure 2.
Averages and standard error of means (SEM) of the
inhibition zones of commercial iodine teat dips were 15
± 0.55, 16 ± 0.70, 18.4 ± 0.81, 20.8 ± 0.95 and 20 ± 3.42
mm for S. agalactiae, other streptococci, S. aureus, CNS
and Gram negative bacteria, respectively. The

inhibition zones for all bacterial groups of turmeric
extracts ranged from 6.46 mm for CNS to 11.7 mm for
other streptococci. The most effective antibacterial
compounds against mastitis pathogens were
chlorhexidine for S. agalactiae (25.2 ± 0.97mm) and
other streptococci (23.5 ± 0.37 mm), H2O2 for S. aureus
(40.2 ± 0.2 mm) and CNS (35.9 ± 1.06 mm), and Cl2 for
gram negative bacteria (28.6 ± 2.28 mm). On all
bacterial groups, turmeric extracts had significantly
lower inhibition zones than those of the iodine teat dip.
In comparison to the iodine teat dip, inhibition zones
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of PVP were not significantly lower in other
streptococci and gram negative bacteria, but were
significantly lower in S. agalactiae, S. aureus and CNS.
Among all combination compounds, combination
between turmeric extracts and H2O2 was the only
compound without shorter inhibition zones than the
commercial iodine teat dip against all bacterial groups.
After combination with turmeric extracts, most
antibacterial activities of both Cl2 and chlorhexidine

Figure 2

were significantly decreased, excepting S. agalactiae for
Cl2 and gram negative bacteria for chlorhexidine. In
contrast, the inhibition zones of H2O2 against all
pathogens were not decreased after combination with
turmeric extracts (p > 0.05). In addition, the inhibition
zone of H2O2 for other streptococci (11.8 ± 0.2 mm) was
significantly increased after combination with turmeric
extract (16 ± 0.63 mm).

Antibacterial activities indicating by inhibition zone of turmeric extracts and all antiseptic compounds with and without
combinations with turmeric extracts separated for bacterial groups. a,b,c,d,e,f different letters indicated significant difference
at P < 0.05.

Discussion
The yield of curcumin found in this study at 1.73%
was considered as a low yield level as obtained from
Paulucci and colleagues (2013) at 0.1 to 1.8 %. In
contrast, Sogi et al. (2010) obtained a curcumin yield of
4.5-12.9% that was 3 to 7 times the yield from the
present study. The low curcumin yields in this study
might be due to several factors such as different

sources of turmeric powder, extraction conditions such
as solvent types, solvent to turmeric ratio, times, and
temperature of storages (Paulucci et al., 2013; Sogi et al.,
2010). In this study, 50 field strains used comprising 5
strains for each pathogen from 10 mastitis pathogens
represented the majority of mastitis pathogens
worldwide including this area (Leelahapongsathon et
al., 2016; Suriyasathaporn, 2011; Suriyasathaporn et al.,
2012). The results from this study might be used for the
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further development of antiseptic teat dipping for
mastitis.
Efficacies of antiseptics and their combination with
turmeric extracts determined by inhibition zones are
shown in Figure 2. The control iodine compound, as
the commercial iodine teat dip, had high inhibition
zones for all pathogens. Iodine has been commonly
used as a commercially effective disinfectant for teat
dipping around the world (Foret et al., 2005; Galton,
2004). The effectiveness of our prepared PVP against
bacteria was lower than the control, and this might
have been caused by the different molecular weight
polymer of iodine (Zaikin et al., 2013). Excepting gram
negative bacteria, chlorhexidine had significantly
better antibacterial efficiency than the control in all
pathogen groups (Figure 2). For H2O2 and Cl2, both
compounds had significantly higher inhibition zones
than the control in S. aureus, CNS and gram negative
bacteria, but significantly lower in both S. agalactiae
and other streptococci for H2O2.
Curcumin has been known for a long time for its
antibacterial properties (Teow and Ali, 2015). In this
study, turmeric extracts expressed low effective
antibacterial activities, which might be caused by the
low concentration of curcumin in our extract. After
combination with turmeric extracts, significant
decreases of antibacterial activity were shown in
combinations of turmeric and either Cl2 or
chlorhexidine against almost all of the mastitis
pathogens. With limitation on knowledge of
antibacterial efficacy of combinations of turmeric and
other antiseptics, a report showed that curcumin
reduced the antimicrobial activity of ciprofloxacin, an
antibiotic, against Salmonella thyphi and S.thyphimurium
(Marathe et al., 2013). In contrast to Cl2 or
chlorhexidine, H2O2 did not reduce its antimicrobial
efficacy after combination with turmeric extracts
(Figure 2). Unlike any other antiseptics in this study,
H2O2 acts as an oxidant by producing hydroxyl free
radicals (•OH) which attack essential cell components
of bacteria, causing disturbances in the structure and
permeability of the cell wall and the cytoplasmic
membrane. These different antibacterial qualities of
H2O2 might be related to the penetration of curcumin
enhancing their antibacterial activities (McDonnell and
Russell, 2001).
In conclusion, H2O2 was the only antiseptic that can
combine with turmeric extract, for use in promoting
the wound healing process, without any loss of
antibacterial efficacy. Although chlorhexidine had the
highest
antibacterial
efficacy,
especially
for
streptococci, it was previously reported that
chlorhexidine could induce biofilm development of E.
coli, S. aureus and S.agalactiae (Ebrahimi et al., 2014). In
contrast, H2O2 was able to destroy both
microorganisms and their biofilm matrix (Lineback et
al., 2018). This might support the advantages of
combining turmeric extract and H2O2 for further
development of future antiseptic teat dipping
products. Due to the screening antimicrobial testing in
this study, the establishment of synergistic and/or
antagonistic properties of turmeric extract in various
antiseptics need further studies for example the
determination of minimal inhibitory concentration
(MIC) to be confirmed.

247

Acknowledgements
This research project is supported by Chiang Mai
University.

References
Barreiro JR, Ferreira CR, Sanvido GB, Kostrzewa M,
Maier T, Wegemann B, Bottcher V, Eberlin MN and
dos Santos MV 2010. "Short communication:
Identification of subclinical cow mastitis pathogens
in
milk
by
matrix-assisted
laser
desorption/ionization
time-of-flight
mass
spectrometry. J Dairy Sci. 93(12): 5661-5667.
Cheppudira B, Fowler M, McGhee L, Greer A, Mares
A, Petz L, Devore D, Loyd DR and Clifford JL 2013.
Curcumin: a novel therapeutic for burn pain and
wound healing. Expert Opin Investig Drugs.
22(10): 1295-1303.
Ebrahimi A, Hemati M, Habibian-Dehkordi S,
Bahadoran S, Khoshnood S, Khubani S, Dokht Faraj
M and Hakimi-Alni R 2014. Chlorhexidine
digluconate effects on planktonic growth and
biofilm formation in some field isolates of animal
bacterial pathogens. Jundishapur J Nat Pharm
Prod. 9:e14298.
Foret CJ, Corbellini C, Young S and Janowicz P 2005.
Efficacy of two iodine teat dips based on reduction
of naturally occurring new intramammary
infections. J Dairy Sci. 88(1): 426-432.
Galton DM 2004. Effects of an automatic postmilking
teat dipping system on new intramammary
infections and iodine in milk. J Dairy Sci. 87(1):225231.
Gleeson D, O'Brien B, Flynn J, O'Callaghan E and Galli
F 2009. Effect of pre-milking teat preparation
procedures on the microbial count on teats prior to
cluster application. Ir Vet J. 62(7): 461-467.
Gleeson D, Flynn J and O'Brien B 2018. Effect of premilking teat disinfection on new mastitis infection
rates of dairy cows. Ir Vet J. 71(11): 1-8.
Hewlings SJ and Kalman DS 2017. Curcumin: A review
of its' effects on human health. Foods. 6(10): 1-11.
Hicks WG and Kennedy TJ 1981. Evaluation of a teat
dip of chlorhexidine digluconate (.5%) with
glycerin (6%). J Dairy Sci. 64(11): 2266-2269.
Klawitter M, Quero L, Klasen J, Gloess AN,
Klopprogge B, Hausmann O, Boos N and Wuertz K
2012. Curcuma DMSO extracts and curcumin
exhibit an anti-inflammatory and anti-catabolic
effect on human intervertebral disc cells, possibly
by influencing TLR2 expression and JNK activity. J
Inflamm. 9(1): 1-14.
Leelahapongsathon K, Schukken YH, Pinyopummintr
T and Suriyasathaporn W 2016. Comparison of
transmission dynamics between Streptococcus uberis
and
Streptococcus
agalactiae
intramammary
infections. J Dairy Sci. 99(2): 1418-1426.
Leslie KE, Vermony E, Bashiri A and Dingwell RT 2006.
Efficacy of two hydrogen peroxide teat
disinfectants against Staphylococcus aureus and
Streptococcus agalactiae. J Dairy Sci. 89(9): 3696-3701.
Lineback CB, Nkemngong CA, Wu ST, Li X, Teska PJ
and Oliver HF 2018. Hydrogen peroxide and
sodium hypochlorite disinfectants are more
effective against Staphylococcus aureus and

248
Pseudomonas aeruginosa biofilms than quaternary
ammonium compounds. Antimicrob Resist Infect
Control. 7(154): 1-7.
Marathe SA, Kumar R, Ajitkumar P, Nagaraja V and
Chakravortty D 2013. Curcumin reduces the
antimicrobial activity of ciprofloxacin against
Salmonella typhimurium and Salmonella typhi. J
Antimicrob Chemother. 68(1): 139-152.
McDonnell G and Russell AD 1999. Antiseptics and
disinfectants: activity, action, and resistance. Clin
Microbiol Rev. 12(1): 147-179.
Middleton JR, Saeman A, Fox LK, Lombard J, Hogan JS
and Smith KL 2014. The national mastitis council: a
global organization for mastitis control and milk
quality, 50 years and beyond. J Mammary Gland
Biol Neoplasia. 19(3-4): 241-251.
Moghadamtousi SZ, Kadir HA, Hassandarvish P, Tajik
H, Abubakar S and Zandi K 2014. A review on
antibacterial, antiviral, and antifungal activity of
curcumin. BioMed Res Int. Article ID: 186864.
Mulei CM 1999. Teat lesions and their relationship to
intramammary infections on small-scale dairy
farms in Kiambu district in Kenya. J S Afr Vet
Assoc. 70(4): 156-157.
Neijenhuis F, Barkema HW, Hogeveen H and
Noordhuizen JPTM 2001. Relationship between
teat-end callosity and occurrence of clinical
mastitis. J Dairy Sci. 84(12): 2664-2672.
Paulucci VP, Couto RO, Teixeira-Crustiane CC and
Luis-Alexandre PF 2013. Optimization of the
extraction of curcumin from Curcuma longa
rhizomes. Rev Bras Farmacogn. 23(1): 94-100.
Rasmussen MD and Larsen HD 1998. The effect of post
milking teat dip and suckling on teat skin
condition, bacterial colonisation, and udder health.
Acta Vet Scand. 39(4): 443-452.
Rios-Castillo AG, Gonzalez-Rivas F and RodriguezJerez JJ 2017. Bactericidal efficacy of hydrogen
peroxide-based disinfectants against gram-positive
and gram-negative bacteria on stainless steel
surfaces. J Food Sci. 82(10): 2351-2356.
Sidhu GS, Singh AK, Thaloor D, Banaudha KK, Patnaik
GK, Srimal RC and Maheshwari RK 1998.
Enhancement of wound healing by curcumin in
animals. Wound Repair Regen. 6(2): 167-177.
Sogi DS, Sharma S, Oberoi DPS and Wani IA 2010.
Effect of extraction parameters on curcumin yield
from turmeric. J Food Sci Technol. 47(3): 300-304.
Sugathan S, Manilal A, Selvin J, Idhayadhulla A,
Kumar RS and Panikkar MVN 2012. Evaluating the
antagonistic potential of seaweed-associated
marine bacteria collected from the southwest coast
of India. Asian J Anim Vet Adv. 7: 578-587.
Suriyasathaporn W 2011. Epidemiology of subclinical
mastitis and their antibacterial susceptibility in
smallholder dairy farms, Chiang Mai province,
Thailand. J Anim Vet Adv. 10(3): 316-321.
Suriyasathaporn W, Chupia V, Sing-Lah T,
Wongsawan K, Mektrirat R and Chaisri W 2012.
Increases of antibiotic resistance in excessive use of
antibiotics in smallholder dairy farms in northern
Thailand. Asian-Australas J Anim Sci. 25(9): 13221328.

Chaisri W. et al. / Thai J Vet Med. 2019. 49(3): 243-248.
Teow SY and Ali SA 2015. Synergistic antibacterial
activity of curcumin with antibiotics against
Staphylococcus aureus. Pak J Pharm Sci. 28(6):
2109-2114.
Valgas C, De Souza SM, Smânia EFA and Smânia A
2007. Screening methods to determine antibacterial
activity of natural products. Braz J Microbiol. 38(2):
369-380.
Vanden Berghe W and Haegeman G 2010. Epigenetic
remedies by dietary phytochemicals against
inflammatory skin disorders: myth or reality?. Curr
Drug Metab. 11(5): 436-450.
Zaikin VG, Borisov RS, Polovkov NY, Zhilyaev DI,
Vinogradov AA and Ivanyuk AV 2013.
Characterization of low-molecular weight iodineterminated
polyethylenes
by
gas
chromatography/mass spectrometry and matrixassisted laser desorption/ionization time-of-flight
mass spectrometry with the use of derivatization.
Eur J Mass Spectrom. 19(3): 163-173.

