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Abstract
Background and Aim: The increasing antimicrobial resistance with reduced susceptibility to antimicrobial drugs is 
becoming a major concern for both human and animal, which raises health morbidity and mortality rate of cases that cannot 
be treated by antibiotics. Nowadays, there are many efforts to minimize the misuse of antibiotics. This study evaluated the 
antimicrobial activity of the crude ethanolic extracts of three Thai herbs divided in four groups; petals of marigold (Tagetes 
erecta), mulberry leaves and root barks (Morus indica), and whole onions of red shallot (Allium ascalonicum) against 
Streptococcus agalactiae.

Materials and Methods: The antimicrobial activity of four groups of the crude extracts using absolute ethanol from three 
Thai herbs was tested against standard strains of S. agalactiae using the agar well diffusion method. The commercial 
antibiotics ceftriaxone and erythromycin were used as positive control standards to determine the sensitivity of S. 
agalactiae.

Results: The result showed that all four groups of Thai herbal extract had inhibitory activity against standard strains of 
S. agalactiae. The inhibitory concentration test values were obtained using the dilution test at 25, 50, and 75 mg/ml. The 
maximum antimicrobial activity against S. agalactiae was observed in the ethanolic extracts from red shallot extract, 
followed by leaves of mulberry, petals of marigold, and root barks of mulberry, respectively.

Conclusion: The results demonstrated that the crude extract of three Thai herbs had antimicrobial activity inhibiting the 
growth of S. agalactiae and suggesting that they may be useful in the treatment of S. agalactiae infections in humans and 
animals.
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Introduction

Streptococcus agalactiae is a Gram-positive bac-
teria, which is classified in Group B streptococcus. It 
can be found as microbiota in the gastrointestinal tract 
of both humans and animals, especially in female ani-
mals [1]. It is usually associated with many infective 
diseases of neonatal animals such as meningitis and 
septicemia after pregnant animals have experienced 
traumatic damage during parturition. Moreover, it also 
causes a significant veterinary problem since S. aga-
lactiae is recognized as the main bacterial pathogen of 
bovine mastitis in dairy cows by infecting the mam-
mary glands of ruminants [2-4]. The prevalence of 
S. agalactiae infection in dairy cattle mastitis is dif-
ferent at different study sites. The previous surveil-
lance in Chiang Mai Province, Thailand, in 2014 [5], 

isolated the bacteria from 7.1% of bovine mastitis 
cases. Furthermore, it has been reported that S. agalac-
tiae infection was prevalent in bovine mastitis cases in 
Columbia during 2017, where S. agalactiae infection 
in the dairy herds was assessed as 11-60% and esti-
mated as 35% in each individual cow [6]. At present, 
increasing antimicrobial resistance (AMR) (including 
that of S. agalactiae) with reduced susceptibility to 
antimicrobial drugs is becoming a major concern for 
both human and animal health, not only because of the 
high prevalence of infections caused by this bacterial 
pathogen but also because of the high rate of AMR 
has increased and could result in economic damage 
or breakdown the health system, and raise morbidity 
and mortality rate of cases that cannot be treated by 
antimicrobial drugs. S. agalactiae isolated from sub-
clinical bovine mastitis, which resistant to pirlimycin, 
penicillin, ampicillin, ceftiofur, cephalothin, oxacillin, 
sulfadimethoxine, tetracycline, and erythromycin was 
reported previously [7].

Nowadays, there are many efforts to minimize the 
misuse of antibiotics. With this intent, many research-
ers are looking for herbal products to use as an alterna-
tive treatment against bacterial pathogens. There have 
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been studies on the antimicrobial activity of different 
herbal extracts against S. agalactiae in many previous 
researches, for example, Aristolochia debilis [8], Panax 
ginseng [8], Spatholobus suberectus [8], Moringa 
oleifera [9], Persea americana Mill. [10], Papaver 
macrostomum [11], Papaver dubium [11], Papaver 
argemone [11], Papaver bracteatum [11], Papaver 
armeniacus microstigma [11], Papaver chelidonium 
folium [11], Anredera diffusa [11], Cestrum auric-
ulatum [11], Krameria triandra [11], Sambucus 
peruviana [11], and Xanthium strumarium [12]. 
Some previous studies found that red shallots con-
tain quercetin, which has an ability to inhibit the 
growth of the bacteria by destroying its cell walls 
and membranes [13]. Herbal extracts of the root and 
leaves of mulberry were found to inhibit both Gram-
positive and Gram-negative bacteria. Interestingly, 
it is the leaves that contain the most active ingredi-
ent, quercetin substance [14], which is known to be 
effective against both Gram-positive and Gram-
negative bacteria [15,16]. Quercetin can destroy 
membranes of bacteria resulting in inhibition of their 
growth [17]. The previous studies have revealed that 
marigold petal (Tagetes erecta) has many flavonoids, 
including patulitrin, which are substrates with anti-
microbial activity that effectively to kill bacterial 
pathogens [18,19]. Furthermore, some studies have 
reported that both leaves and root of white mulberry 
extracts can also inhibit Gram-positive and Gram-
negative bacteria, including Bacillus cereus, Bacillus 
subtilis, Staphylococcus aureus, Escherichia coli, 
Pseudomonas aeruginosa, Serratia marcescens, and 
Agrobacterium tumefaciens [20-23].

Thus, this study aims to evaluate the antimicro-
bial activity of the crude ethanolic extracts of three 
Thai herbs – marigold (T. erecta), mulberry leaves and 
root (Morus indica), and red shallot (Allium ascaloni-
cum) against S. agalactiae for the intention to be used 
in the replacement of the antimicrobial drug in the 
future and also to reduce the problem of AMR.
Materials and Methods
Ethical approval

There is no need of the ethical approval for 
this study. All procedures in this study did not harm 
animals or humans. All experiments were done at 
the Veterinary Public Health Laboratory, Faculty 
of Veterinary Sciences, Mahasarakham University, 
Thailand.
Herbal materials

All plants were collected in Maha Sarakham 
Province, Northeast Thailand. The ethanolic extracts 
were made from three Thai herbs, as shown in Table-1 
and their antimicrobial activity determined. The herbs 
selected were marigold petal (T. erecta), red shal-
lot (A. ascalonicum) leaves, and root of mulberry 
(M. indica), as shown in Figure-1. The weight used 
was recorded for each herb to compare dry matter 
and weight of the herbal crude extraction. Herbs were 

washed carefully with tap water followed by distilled 
water, dried at room temperature, cut into 1 cm×1 cm 
pieces and dried to constant weight in a hot air oven 
at 65°C for 24 h. The dried materials were macerated 
and extracted with absolute ethanol in ratio of 1:5 
for 24 h at room temperature. The herb extracts were 
filtered and concentrated to dryness by evaporation 
in a rotary vacuum evaporator at 60 rpm, 289 mbar 
and 65°C in a water bath to yield the crude ethanol 
extracts, which were used for further antimicrobial 
tests. The weight of all extracts was recorded. Crude 
extracts were dissolved in absolute ethanol as solvent. 
The crude herbal extracts were used at concentrations 
of 25, 50, and 75 mg/mL.
Test bacterial culture

A standard strain of S. agalactiae (DMST1729) 
was tested for the antimicrobial susceptibility and 
resistance by disk diffusion procedure. S. agalac-
tiae was inoculated on Tryptone Soya Agar (Oxoid, 
Basingstoke, UK) in aerobic conditions and incubated 
at 37°C for 24 h. Antimicrobial activity tests involved 
direct colony suspension following CLSI guidelines 
2016 guideline [24]. The culture colonies which had 
grown overnight were suspended in sterile normal 
saline solution at 0.85% and the turbidity of the sus-
pensions adjusted to 0.5 McFarland standard.
Antimicrobial activity assay

The suspensions were spread on Mueller-Hinton 
agar (Oxoid, Basingstoke, UK) 3 times, rotating the 
plate about 60 degrees each time. Each herbal extract 

Table-1: Thai herbal plants and their part used.

Herbal plants Part used

Common name Scientific name

Marigold Tagetes erecta Petals
Mulberry Morus indica Leaves

Root barks
Red shallot Allium ascalonicum Whole onions

Figure-1: Pictures of Thai herbs divided into four groups: 
(a) red shallot (whole onions), (b) mulberry (leaves), 
(c) marigold (petals), (d) mulberry (root barks).

a

c

b

d
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stock solution was prepared at 25, 50, and 75 mg/mL 
in absolute ethanol and 5 µl added to holes in plates, 
on which the bacteria had been grown to obtain the 
series concentrations, as shown in Figure-2. Two anti-
microbial disks, which were used as a positive control; 
ceftriaxone and erythromycin (Oxoid, Basingstoke, 
UK) were set on the Mueller-Hinton agar and incu-
bated in aerobic conditions at 35°C for 24 h. Absolute 
ethanol was used as a negative control. The diame-
ter of inhibition zone was interpreted following CLSI 
2016 guideline [24].
Results

The results of the antimicrobial activity against 
S. agalactiae of the ethanol extract of various parts 
of the herbs are shown in Table-2. According to the 
zone of inhibition produced by minimal concentration 
(25 mg/ml), the mean diameter of the clear zone of 
inhibition for red shallot, mulberry leaves, mulberry 
root, and marigold petal extract was 12.5 mm, 9 mm, 

7.33 mm, and 7.67 mm, respectively. At medium 
concentration (50 mg/ml), the clear zone was 13.83 mm, 
11 mm, 8.33 mm, and 9.5 mm, respectively, and at 
the maximum concentration (75 mg/ml) 14.67 mm, 
12.5 mm, 8.83 mm, and 12 mm, respectively.

All the herb extracts showed antimicrobial activ-
ity against S. agalactiae. The extracts of red shallot 
showed the most potent activity followed by mulberry 
leaves and marigold petal extracts, respectively. The 
ethanolic extracts of mulberry roots were found that 
they had the least potential activity against S. aga-
lactiae. The clear zones of inhibition produced by 
ceftriaxone and erythromycin positive controls were 
24.42 mm and 15.67 mm, respectively, much higher 
than all the herbal extracts used in this study. There 
were no statistically significant differences in the anti-
bacterial activity against S. agalactiae among four 
groups of these Thai herbal extracts in this study when 
tested by single-factor ANOVA.
Discussion

From the results of the antimicrobial activity of 
four ethanolic herbal extracts against S. agalactiae, 
the ethanolic crude extract of red shallot and mul-
berry leaves showed the most reasonable and poten-
tial inhibitory activity against S. agalactiae. We found 
that these Thai herbal extracts have a high potential to 
inhibit bacterial growth in all concentrations. These 
results agree with the previous reports that flavonoid 
compounds in red shallot can inhibit the growth of 
bacteria [25]. The most active flavonoid substance 
that can inhibit bacterial growth is quercetin, which 
acts by disrupting the membranes of bacteria [25]. 
Mozin and team studied the antimicrobial inhibition 
of the growth of several bacterial pathogens, including 
Lactobacillus spp., E. coli, and Salmonella spp. using 
ethanolic (99%) or aqueous extracts of red shallot. The 
bioactivity compound of these Thai herbal extracts, 
especially for red shallot and mulberry leaves, which 
brought out the antimicrobial activity, seemed to have 
advantageous and specific activity against S. aga-
lactiae. The result of this study possibly verifies the 
previous studies of the antimicrobial activity of plant 
extracts [26-28].

Our finding supported to a suggestion from a 
previous study which found that mulberry, red shallot, 
and marigold ethanolic extracts have the antimicro-
bial activity against many bacterial pathogens. The 
mulberry leaf ethanolic extract revealed to have the 
bacteriostatic effect against P. aeruginosa, Salmonella 
Typhi and it had the bactericidal effect toward E. coli 
and S. aureus [29]. In addition, it showed remarkable 
effects on the biofilm inhibition to those bacterial 
pathogens [29]. The red shallot extract was revealed 
that it could be used as an effective medicine to treat 
dermatomycosis and other bacterial infections such as 
S. aureus, B. subtilis, E. coli, and Salmonella Typhi as 
well as an effective antimicrobial agent which can be 
used as a natural food preservative and natural topical 

Figure-2: Position of each herbal extract stock solution, 
positive control, and negative control on Mueller-Hinton 
agar.

Table-2: Antimicrobial activity of Thai herbal extracts by 
measuring the zone of inhibition diameter.

Thai herbal 
extracts

Zone of inhibition diameter (mm)

Herbal extracts concentration 
(mg/ml)

25 50 75

Red shallot 12.5 13.5 14
13 15 16
12 13 14

Mean 12.5 13.83 14.67
Mulberry (leaves) 11 11 14

8 10 11
8 12 12.5

Mean 9 11 12.5
Mulberry (root bark) 8 9 9.5

7 8 8.5
7 8 8.5

Mean 7.33 8.33 8.83
Marigold 8 10 12.5

8 9.5 12.5
7 9 11

Mean 7.67 9.5 12
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ointment to cure skin infections [30]. Likewise, the 
extract of marigold can be considered as a natural 
product which has a significant antibacterial effect 
to inhibit the growth of pathogenic bacteria such as 
E. coli, B. cereus, and S. aureus [31].

The investigation of the antimicrobial activity of 
Thai herbal extracts is an essential step toward alternative 
treatment strategies replacing the use of antimicrobial 
drugs for the antimicrobial activity against S. agalactiae. 
S. agalactiae is mentioned as one of the leading bacterial 
causes of invasive infections in many human and animal 
diseases including bacteremia, pneumonia meningitis, 
septicemia, urinary tract infection, skin infection, and 
soft-tissue infection [32] and also recognized as a major 
cause of mastitis pathogen in dairy cows which lead to 
the economic loss for the industry [33].
Conclusion

This present study and the result revealed that the 
antimicrobial activity of the ethanolic herbal extracts 
of marigold, mulberry, and red shallot could inhibit the 
growth of S. agalactiae and suggests that they can be 
used as the alternative treatment of S. agalactiae infec-
tions in human and animal. Leaf extract of mulberry 
was found to be the most effective against S. agalactiae 
culture. The future prospects of this study are to analyze 
the active ingredients and purified compounds for drug 
validation or to determine the suitable concentrations 
to use, test the in vivo experiment, and apply them as 
medicinal products for medical and veterinary use.
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