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ABSTRACT

Objective: Our study evaluated the inhibitory effects of 13 plant materials on bacterial growth, so as to explain their traditional uses in bacterial 
infections. In addition, the correlation between antibacterial effects of plants and the polyphenol contents or antioxidant activities was also verified 
to investigate if these properties were responsible for the plant antibacterial effects.

Methods: We tested extracts with 20 bacterial strains purchased from Japan Veterinary Products Association (JVPA, Tokyo, Japan) and also the 
Escherichia coli (E. coli) and Streptococcus suis (S. suis) strains that we had previously isolated from livestock. After polyphenol contents and antioxidant 
activities were measured, we examined their correlations with antibacterial effects.

Results: The results showed that all extracts exerted inhibitory effects on tested bacteria and at different levels. Among all of samples, betel and 
mother rhizome of turmeric showed the strongest effects and also exerted inhibition on antibiotic-resistant E. coli and S. suis bacteria. In addition, 
direct and significant correlations between antibacterial effects’ and polyphenol content’s values were established and thus demonstrating that 
antibacterial effects of plants were attributable, at least in part, to the presence of polyphenol compounds.

Conclusions: Our study demonstrated the antibacterial effects of 13 plant materials and, therefore, partly gives pharmacological basis to explain their 
traditional uses in diseases associated with bacterial infections. In addition, as betel and mother rhizome of turmeric showed the highest effects, we 
suggested that they might serve as the most promissory candidates for bacterial treatment. However, follow-up researches are still required to assess 
their potentials.
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INTRODUCTION

The appearance of antibiotic resistance has become a global concern, 
and there is a continuous and urgent need to discover new antimicrobial 
compounds with diverse chemical structures and novel mechanisms of 
action to replace antibiotics in the treatment of bacterial infections [1]. 
According to Mahesh and Satish [2], plants are a rich source of 
antimicrobial agents and many of them have been found effective in 
the cure of bacterial diseases. In addition, medicinal plants are believed 
to have less side effects, less residues, slower resistance and might 
also induce the enhancement in the growth and survival rates of host 
animals [3]. In this study, we investigated antibacterial effects of 13 
medicinal plants. We selected to test these plant materials because 
traditional herbalism has suggested their potent antimicrobial property 
and/or they have been traditionally employed to treat diseases that 
associated with bacterial infections [4a-g, 5a-k, 6]. Plant extracts were 
first tested with 12 bacterial strains including six Gram-positive and 
six Gram-negative bacteria purchased from Japan Veterinary Products 
Association (JVPA, Tokyo, Japan), to evaluate their antibacterial effects 
through the determination of the minimum inhibitory concentration 
(MIC) values. Extracts that showed high inhibition on bacterial growth 
were later tested with Escherichia coli (E. coli) and Streptococcus suis 
(S.  suis) strains isolated from livestock to further evaluate their 
inhibitory potentials. Along with MIC determination, our study also 
measured polyphenol contents and antioxidant activities of extracts and 
investigated their relationships with antibacterial effects because these 
values had been reported to associate with antimicrobial properties 
of plants [7,8]. In addition, because not only antibacterial effects but 
also many other pharmacological functions and health improvement 

of plants are attributed to polyphenol contents and/or antioxidant 
activities [9]; determination on these values is certainly useful to assess 
their biological properties.

MATERIALS AND METHODS

Collection and extraction of plant materials
Plants were supplied by the Department of Internal Medicine and 
Pharmacology, Faculty of Veterinary Medicine, Hanoi National University 
of Agriculture, Vietnam. The plants in scientific, English and local names, 
along with their collected parts are shown in Table  1. Their identity 
was confirmed by Dr. Tho Thi Bui based on voucher specimens that had 
been deposited at Vuon Duoc Lieu Thu Y Herbarium, Vietnam National 
University of Agriculture in Vietnam. In our study, we separated turmeric 
to mother and first daughter rhizome to investigate because traditional 
medicine practitioners in Vietnam had observed the differences in their 
treatment effects with some diseases including those were associated 
with bacterial infections [10]. Fresh plant materials were washed under 
running tap water, preliminarily dried in the shadow from 3 to 4 days 
before being dried at 50°C for 3  h in a constant temperature oven 
(DK63, Yamayo, Japan). Dried materials were then pulverized into fine 
powder with the particle size <1  mm before extraction. In brief, 10  g 
of each sample was stirred for 30 m in 200 g of organic solvents such 
as absolute ethanol (Cica Reagent, Kanto Chemical Co., Inc., Japan) or 
methanol (Wako, Osaka, Japan). Extracts were then put in a shaking 
water bath with the temperature of 40°C for 2 h and filtered with No. 2 
qualitative paper (Advantec MFS Inc., Dublin, CA, USA). The filtrates 
were concentrated at 40°C using a rotary evaporator at low atmosphere 
pressure (Buchi Rotavapor R-210, Switzerland). After condensed, each 
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extract was dissolved in 10  ml dimethylsulfoxide ([DMSO], Nacalai 
Tesque, Kyoto, Japan) to make solutions at the concentration of 1000 mg 
dried material/ml (this concentration was calculated based on the 
weight of crude plant materials used for extraction). After passing 
through 0.2 μl pore sized filter (DISMIC-13JP syringe filter, Toyo Roshi 
Kaisha, Tokyo, Japan) for sterilization, filtrates were used as the starting 
solutions in all experiments. Extraction was performed twice with every 
plant material to obtain two independent extracts from each sample. The 
measurements, including the MIC, polyphenol contents, and antioxidant 
activities, were performed with these two independent extracts and in 
duplication for each extract.

Bacterial strains
Twelve commercial bacteria, such as E. coli (E. coli, three strains: 
ML 1409 K-12, BSE4001, and JC strains), Lactobacillus fermentum 
(L.  fermentum, NBRC 3961), Lactobacillus acidophilus (L. acidophilus, 
American Type  Culture Collection [ATTC, USA] 4356), Lactobacillus 
bulgaricus (L. bulgaricus, ATTC 11842), Streptococcus thermophilus 
(S. thermophilus, ATTC 14485), Pseudomonas aeruginosa (P. aeruginosa, 
KK-1001, BPP 0501), Staphylococcus aureus (S. aureus, KK-103, BBS 
1001), Streptococcus suis (S. suis, S-9, BSS4001), Campylobacter jejuni 
(C. jejuni, KK-1020, BBC 020), and Salmonella infantis (S. infantis, L164, 
BAS 290), were purchased from JVPA, Tokyo, Japan. To obtain fresh 
colonies that required for the determination of MIC, each bacterium 
was subcultured into the appropriate agar and in suitable condition, 
followed the instructions of the provider (JVPA, Japan). In addition, we 
also used nine isolates of E. coli from chicken and 23 isolates of S. suis 
from pigs. Those bacterial strains were preserved in the laboratory and 
their phenotypes of resistance to antimicrobials had been identified by 
the previous studies, as shown in the “supplemental material.”

Media preparation and MIC determination
The MICs of plant extracts to bacteria were determined employing the 
microbroth dilution method. Cation-adjusted Mueller-Hinton broth was 
used for bacteria isolated from animals [11] and anaerobe broth MIC 
was used for anaerobic bacteria [12]. Plant extract-containing broth for 
susceptibility determination was prepared with 96-well microplates. 
The starting solutions of extracts starting from 1000  mg/ml were 
diluted with broths to make the 2-fold dilution range that included the 
concentrations of 500, 250, 125, 62.5, 31.3, 15.6, 7.8, and 3.9 mg/ml. The 
final volume for each well was 100 µl. To confirm that DMSO contained 
in extract starting solutions itself had no effects on bacterial growth, 
the controls were also made using the pure DMSO which contained 
no plant extracts. The final concentration of bacteria isolated from 
animals, including E. coli (ML 1409 K-12, BSE4001, JC strains from JVPA, 
and nine strains isolated from chicken), P. aeruginosa (KK-1001, BPP 
0501), S. aureus (KK-103, BBS 1001), S. suis (S-9, BSS4001 strain from 
JVPA, and 23 strains isolated from pigs), C. jejuni (KK-1020, BBC 020), 
and S. infantis (L164, BAS 290), was adjusted to 5×104 cfu/well and 
incubated for 24  h in ambient condition [10]. For anaerobic bacteria 
including L. fermentum (NBRC 3961), L. acidophilus (ATTC 4356), 

L.  bulgaricus (ATTC 11842), and S. thermophilus (ATTC 14485), the 
final concentration was adjusted to 105 cfu/well and incubated for 48 h 
in anaerobic condition [12]. Results were observed with the aid of an 
inverted reading mirror, and the lowest concentration that inhibited the 
growth of bacterium compared to that of the control was determined as 
the MIC value.

Measurement of polyphenol contents and antioxidant activities
Polyphenol contents and antioxidant activities were measured 
employing Folin–Ciocalteu and 1,1-diphenyl-2-picrylhydrazyl (DPPH) 
assays, respectively, following the methods of Masuda et al. [13] and 
with some modifications. The starting solutions of extracts were diluted 
for 10 times by DMSO to obtain the concentration of 100 mg/ml before 
measuring polyphenol contents and DPPH scavenging activities.

Folin–Ciocalteu assay for total phenolic contents
In brief, the control contained 1 ml of Folin–Ciocalteu (Nacalai Tesque, 
Kyoto, Japan) reagent and 0.2  ml of plant extract. This mixture was 
allowed to stand at room temperature for 3  min. Then, 1  ml of 10% 
Na2CO3 (Nacalai Tesque, Kyoto, Japan) and 5 ml of distilled water were 
added. After 1  h of incubation in the dark at room temperature, the 
absorbance was measured using a spectrophotometer (ERMA model AE-
450, Japan) at 750 nm. The sample without Folin–Ciocalteu reagent was 
taken as the blank. Chlorogenic acid (Sigma-Aldrich Co., LLC, USA) was 
used as a standard and results were expressed as mg chlorogenic acid 
equivalents per g of dried sample (mg chlorogenic acid/g dried matter).

DPPH assay for antioxidant activities
DPPH working solution was made by mixing 0.1 g DPPH powder with 
50 ml ethanol 96%. Briefly, 0.2 ml sample was added to 0.1 ml DPPH 
working solution and 4.8 ml solvent. After shaking, this mixture was left 
to react in a dark and at room temperature for 30 min. Control contained 
0.1 ml DPPH solution and 4.9 ml solvent, while blank contained 0.2 ml 
sample and 4.8  ml solvent. Absorbance was measured at 515  nm. 
The scavenging activity was calculated as follows: DPPH scavenging 
activity (%)=([Ac−As−Ab]/Ac)×100; where, Ac=Control absorbance, 
As=Sample absorbance, and Ab=Blank absorbance. Trolox (6-hydroxy-
2,5,7,8-tetra-methyl-chroman-2-carboxylic acid) (Calbiochem, USA) 
was used as a standard and results were expressed as mg of Trolox 
equivalents per g of dried sample (mg Trolox/g dried matter).

Statistical analysis
Data were expressed as mean ± standard error (Mean ± SE). Two-factor 
ANOVA followed by post hoc Bonferroni test was used to compare MICs 
of different extracts. One-way ANOVA followed by post hoc Bonferroni 
test was used to compare polyphenol contents and antioxidant 
activities of different extracts. Student’s t-test was used to compare 
MICs of extracts from different solvents (ethanol and methanol) or MICs 
of different extracts (betel and turmeric mother rhizome) to E. coli or 
S. suis bacteria. Linear regressions from (–MICs), polyphenol contents, 

Table 1: List of plant materials

No. English name (Abbreviation) Latin name Collected parts
1 Basil Ocimum basilicum Leaves
2 Betle Piper betle Leaves
3 Dill Nepali Anethum graveolens Aerial parts
4 Indian camphorweed Pluchea indica Leaves
5 Shadon Eryngium foetidum Leaves
6 Skunk‑vine Paederia tomentosa Leaves
7 Greater plantain Plantago major Leaves
8 Mugwort Artemisia vulgaris Aerial parts
9 Shampoo zinger Zinger zerumbet Tubes
10 Singapore daisy Sphagneticola trilobata Leaves
11 Turmeric – mother rhizomes

Turmeric – first daughter rhizomes
Curcuma longa Mother rhizomes

First daughter rhizomes
12 White rabbit flower Pseuderanthemum variabile Leaves
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and antioxidant activities were computed and Pearson’s correlation 
coefficient test was used to evaluate their correlations. In all analysis, 
significance was established when probability level was ≤5% (p<0.05).

RESULTS

Antibacterial effects of plant extracts to 12 JVPA bacterial strains
We observed that all of plant extracts showed different levels of 
inhibitory effects on the bacterial growth of 12 JVPA bacteria, in which 
the determined MICs were various from 3.9 to 125.0 mg/ml (data not 
shown). To access the difference in antibacterial effects of tested plant 
materials, we compared their MICs to Gram-positive or Gram-negative 
bacteria, and results are shown in Fig.  1. For Gram-positive bacteria, 
we observed that among all of ethanol extracts, betel, turmeric mother 
rhizome, and Wedelia had the strongest inhibition, as they exerted 
the lowest MICs (Fig. 1A), while among all of methanol extracts, betel, 
Indian camphorweed, turmeric mother rhizome, and Wedelia had 
the strongest inhibition and showed the lowest MICs (Fig.  1B). For 
Gram‑negative bacteria, the strongest effects of betel and turmeric 
mother rhizome among all ethanol extracts and the strongest effects 
of betel among all methanol extracts were evident by their lowest 
MICs (Figs. 1C and 1D). When considering the effects with both Gram-
negative and Gram-positive bacteria together, the strongest effects 
belonged to betel and turmeric mother rhizome, because regardless 
of bacterial grams, these two materials always exerted the lowest 
MICs and thus demonstrating the highest inhibitory effects. In the 
respect to different plant materials, we also observed that turmeric 
mother rhizome had stronger inhibition than turmeric first daughter 
rhizome because the former showed significant lower MICs to both of 
Gram-positive (Figs. 1A and 1B) and Gram-negative bacteria (Figs. 1C 
and 1D). In respect to sensitivity of different bacteria, we compared 
means of MICs of extracts with each bacterium, and results are shown 
in Fig. 2. We observed that among all bacteria, E. coli (BSE) showed the 
strongest resistance, while L. fermentum showed the highest sensitivity 
to plant extracts. In addition, Gram-negative bacteria were generally 

more resistant than Gram-positive bacteria. We observed that among 
six tested Gram-negative bacteria, four of them had significantly 
higher MICs than those of all six Gram-positive bacteria, while other 
two exceptions: E. coli (ml) and C. jejuni exerted the MICs that not 
significantly different to those of Gram-positive bacteria. In respect to 
the effects of different extracting solvents, we compared the means of 
MICs of the ethanol extracts to those of methanol extracts, as shown in 
Fig. 3. We observed that mean of MICs from methanol extracts to six 
Gram-negative bacteria was significantly lower than that from ethanol 
extracts, thus indicating that methanol extracts had stronger inhibition 
on Gram-negative bacteria. However, difference between the two 
solvents was not observed with Gram-positive bacteria.

Antibacterial effects of betel and turmeric mother rhizome 
extracts to E. coli and S. suis strains isolated from livestock
Means of MICs of betel and turmeric mother rhizome extracts with nine 
E. coli and 23 S. suis strains isolated from livestock are shown in Fig. 4. We 
observed that both of the plants showed inhibition effects with the two 
bacterial groups. Betel was more effective to E. coli than turmeric mother 
rhizome, because with both of ethanol and methanol extracts, the MICs of 
betel were significantly lower than the MICs of turmeric mother rhizome 
(p<0.01). In contrast, turmeric mother rhizome was more effective to S. suis 
than betel, because regardless of extracting solvents, the MICs of turmeric 
mother rhizome were significantly lower than the MICs of betel (p<0.01).

POLYPHENOL CONTENTS, ANTIOXIDANT ACTIVITIES, AND THEIR 
CORRELATIONS WITH ANTIBACTERIAL EFFECTS

Polyphenol contents and antioxidant activities of plant extracts are 
shown in Table 2. Betel and turmeric mother rhizome showed the highest 
polyphenol contents in ethanol extract group, and turmeric mother 
rhizome also showed the highest polyphenol content in methanol 
extract group. The highest antioxidant activities of ethanol extract group 
belonged to betel, greater plantain, turmeric first daughter rhizome, 
and turmeric mother rhizome, while the highest antioxidant activities 

Fig. 1: Means of minimum inhibitory concentrations (MICs) of the extracts from different plants to [A, B] Gram-positive or 
[C, D] Gram‑negative bacteria. Each value was mean of MICs of each extract to six Gram-positive or six Gram-negative bacteria. Means with 

different superscripts in each figure are significantly different (p<0.05) by two-factor ANOVA followed by Bonferroni post hoc analysis. 
Black-filled column indicates plants of the lowest MIC values in each figure

d

c

b

a



260

Asian J Pharm Clin Res, Vol 12, Issue 4, 2019, 257-265
	 Nguyen and Nguyen	

of methanol extract group belonged to cilantro, greater plantain, and 
turmeric first daughter rhizome. We also observed that regardless of 
extracting solvents, polyphenol contents of turmeric mother rhizome 
were always significantly higher than those of turmeric first daughter 
rhizome (20.09±0.12 vs. 6.32±0.31 in ethanol extracts and 46.89±0.44 
vs. 6.83±0.007 in methanol extracts). Turmeric mother rhizome also 
had significantly stronger antioxidant activities than first daughter 
rhizome in methanol extracts (8.42±0.09 vs. 7.80±0. 12), but there was 
no significant difference in ethanol extracts (10.87±0.03 vs. 10.34±0.05).

We also compared polyphenol contents and antioxidant activities from 
13 ethanol extracts with those from 13 methanol extracts. Results 
showed that while the mean of polyphenol contents of methanol 
extracts was significantly higher than that of ethanol extracts (p<0.01, 
Fig.  5), there was no significant difference observed between the 
antioxidant activities of the two groups (data not shown).

To determine the relationships between plant polyphenol contents 
and their antioxidant activities, we computed the linear regressions 

constructed from these two values and evaluated the correlations. 
Results showed that while polyphenol contents were positively and 
significantly correlated with antioxidant activities in ethanol extracts 
(p<0.01, Fig. 6A), there was no such kind of significant correlations in 
methanol extracts (data not shown). To determine the relationships 
between polyphenol contents or antioxidant activities with the 
plant antibacterial effects, we next computed the linear regressions 
constructed from values of polyphenol contents or antioxidant 
activities and means of -MICs, the values that represented effects 
of plants on bacteria. Results showed that, regardless of extracting 
solvents, there were always a positive and significant correlations 
between  -MICs and polyphenol contents (p<0.01 for ethanol extracts 
and p<0.05 for methanol extracts, Fig.  6B-1 and 6B-2, respectively). 
However, the relationships between -MICs and antioxidant activities 
were less evident because their correlations were only positive and 
significant in ethanol extracts (p<0.05, Fig. 6C), and there was no such 
kind of significant correlations in methanol extracts (data not shown).

DISCUSSION

All of extracts from tested plant materials showed various levels 
of inhibitory effects on different bacteria and thus providing 

Fig. 2: Means of minimum inhibitory concentrations (MICs) of 
tested extracts to each bacterium. Each value was mean of MICs 
of 26 extracts. Means with different superscripts in each figure 

are significantly different (p<0.05) by two-factor ANOVA followed 
by Bonferroni post hoc analysis. Black-filled column indicates the 
bacterium of the highest MIC value, while plaid column indicates 

the bacterium of the lowest MIC value

Fig. 3: Means of minimum inhibitory concentrations (MICs) 
from ethanol and methanol extracts to six Gram-positive and 

six Gram-negative bacteria. Each value was mean of MICs of 13 
extracts.*Significant different (p<0.05) by Student’s t-test.

Fig. 4: Means of minimum inhibitory concentrations of ethanol 
and methanol extracts of betel and turmeric mother rhizome 

to nine Escherichia coli and 23 Streptococcus suis strains isolated 
from livestock. Turmeric-M means turmeric mother rhizome. 

**Significant difference, p < 0.01 by Student’s t-test

Fig. 5: Means of polyphenol content (mg chlorogenic acid/g dried 
matter) of 13 ethanol and 13 methanol extracts. Each value was mean 

of measurements from 13 extracts. **Significant difference, p<0.01



261

Asian J Pharm Clin Res, Vol 12, Issue 4, 2019, 257-265
	 Nguyen and Nguyen	

pharmacological basis for their therapeutic uses in diseases associated 
with bacterial infections [4a-g, 5a-k, 6]. In our study, Gram-positive 
bacteria were more sensitive to plant effects than Gram-negative 
bacteria, and the result was in accordance with a number of the previous 
reports [7]. The difference in sensitivity of the two bacterial grams to 
antimicrobial agents, including the plant materials, is usually explained 
through the significant difference in their outer layers because only 
Gram-negative bacteria have a thick liposaccharide coated cell wall 
structure [7]. Among all of tested plant samples, betel and turmeric 
mother rhizome showed the outstanding effects on both of Gram-
positive and Gram-negative bacteria, and they always represented 
the highest inhibitions regardless of the tested bacterial grams. Other 
plant materials, such as turmeric first daughter rhizome and Wedelia, 
also exerted good inhibition, but their effects were selectively high on 
only Gram-positive bacteria. Since Gram-negative bacteria are known 
to have stronger resistance to plant components than Gram-positive 
ones  [14], the advantages of betel and turmeric mother rhizome to 
show the strongest inhibitions on Gram-negative bacteria indicated that 
they are the most promissory candidates for the treatment of bacterial 
infections. These results are in accordance with the previous studies, 
which have reported the high antibacterial properties of betel [15] and 
turmeric [16]. In addition, as these two plants are demonstrated to 
show positive effects on immunosystems [17,18] and enhance product 
qualities of domestic animals [19,20], it is possible to speculate their 
potential to become the new safe therapies for bacterial diseases. 
However, future researches examining betel and turmeric mother 
rhizome’s effects in pathological conditions are still required to verify 
their in vivo treatment and further assess their safety.

Based on results with 12 JVPA bacteria, which had determined that betel 
and turmeric mother rhizome were those of the highest antibacterial 
effects among all tested materials, we then further examined their 
potentials on E. coli and S. suis bacterial strains, which had been isolated 
from livestock answered resistant to from at least one to four common 
applied antibiotics (Supplemental Material). The results showed that 
extracts from the two plant materials also inhibited those bacteria. 
Effects of betel and turmeric found on E. coli bacteria are in accordance 
with the previous studies [21,22] and thus further confirming their 
therapeutic potentials for infections. Even researchers have investigated 
the effects of betel and turmeric on a number of bacteria [21,22], this 
study represented the first attempt to examine these two plants on 
S. suis strains. For the first time, inhibitory effects of betel and turmeric 
on S. suis bacteria have been demonstrated, and therefore suggesting 

Table 2: Polyphenol contents (mg chlorogenic acid/g dried sample) and antioxidant activities (mg Trolox/g dried sample) of ethanol and 
methanol extracts diluted in DMSO

Herb Polyphenol content (mg chlorogenic acid/g dried sample) Antioxidant activity (mg Trolox/g dried 
sample)

Ethanol Methanol Ethanol Methanol
Basil 1.30±0.01j 6.69±0.05j 8.22±0.11c 8.32±0.09ab

Betel 18.6±0.02a 27.56±0.08d 10.69±0.06a 7.06±0.14c

Culantro 2.33±0.02i 4.17±0.03k 8.09±0.11c 8.51±0.08a

Dill 1.62±0.03j 10.76±0.06h 8.17±0.05c 7.40±0.11b

Greater plantain 8.80±0.04c 20.81±0.06e 10.77±0.04a 8.54±0.11a

Indian camphorweed 2.89±0.16i 29.81±0.05c 8.54±0.10c 7.22±0.13c

Mugwort 5.57±0.02e 16.84±0.05f 9.96±0.06b 7.12±0.15c

Pastel flower 4.72±0.01f 13.33±0.10g 9.17±0.08b 7.94±0.11b

Shampoo ginger 4.09±0.02i 4.48±0.08k 8.14±0.10c 7.09±0.14c

Skunk‑vine 2.19±0.02j 9.25±0.01i 8.40±0.10c 8.25±0.86ab

Turmeric – first daughter 
rhizomes

6.32±0.31d 6.83±0.07j 10.34±0.05a 8.42±0.09a

Turmeric – mother rhizomes 20.90±0.12a 46.89±0.44a 10.87±0.03a 7.80±0.12b

Wedelia 13.48±0.06b 37.63±0.02b 9.54±0.08b 7.16±0.13c

Means with different superscripts in each column are significantly different (p<0.05) by one‑way ANOVA followed by Bonferroni post hoc analysis. Number with bold 
letter indicates the highest values of each column. All values were mean of four measurements

Fig. 6: (A) Linear regression and Pearson’s coefficient value 
between polyphenol contents (mg chlorogenic acid/g dried 

matter) and antioxidant activities (mg Trolox/g dried sample) of 
ethanol extracts. (B) Linear regression and Pearson’s coefficient 

value between mean of -minimum inhibitory concentrations 
(-MIC) (mg/ml) and polyphenol content (mg chlorogenic acid/g 

dried matter) of (B-1) ethanol and (B-2) methanol extracts. 
(C) Linear regression and Pearson’s coefficient value between 
mean of -MIC (mg/ml) and antioxidant activity (mg Trolox/g 

dried sample) of ethanol extracts.* Significant correlation, p<0.05, 
**Significant correlation, p<0.01. All linear regressions were 

computed based on n=13 pairs of X and Y

c

b
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that they have therapeutic potentials for S. suis diseases. We also 
observed that while betel showed significant stronger inhibition on 
E. coli, turmeric mother rhizome exerted significant stronger inhibition 
on S. suis. Comparing to other medicinal plants, betel has been reported 
to have significantly higher inhibition on E. coli bacteria [22], and our 
results further confirmed its promissory potential for the treatment 
of E. coli. On the other hand, turmeric mother rhizome showed higher 
effects than betel on S. suis strains. Even there has been no study 
directly investigating the effects of turmeric on S. suis; its rhizome has 
been employed as a component in one propolis composition, which had 
been made based on traditional herbalism and was clinically proved to 
show good treatment on swine S. suis infectious diseases [23]. While 
the contribution of turmeric compound in the treatment of this propolis 
composition remained to be verified, our study has demonstrated the 
high effects of turmeric on S. suis bacterial strains isolated from pigs and 
thus providing an evidence to support its use in swine S. suis diseases 
[23]. However, further researches on the effects of turmeric with this 
bacterial species are still needed to establish the treatment therapy. In 
our study, the inhibitory effects of betel and turmeric mother rhizome 
have been demonstrated on E. coli and S. suis strains that had already 
been resistant to antibiotics and thus indicating their potentials to 
alternate antibiotics in bacterial infections, especially when resistance 
to antibiotics had occurred and reduced antibiotic effects. The results 
were similar to the previous studies, which established betel and 
turmeric as an alternative source of anti-infective agents against 
multiple drug-resistant bacteria [24] and thus further added evidenced 
to highlight their potentials. In addition, because E. coli and S. suis are 
the two important bacteria which infect both animals and human, and 
their antibiotic resistance has been reported to be severe worldwide 
[25,26], we believe that it is worth to research more about the effects 
of betel and turmeric mother rhizome with these two bacteria. Follow-
up study which investigates the in vivo treatment of these two plants 
has been recently conducted in our laboratory (Department of Plant 
Biotechnology, Faculty of Biotechnology, Vietnam National University 
of Agriculture, Trau Quy crossing, Gia Lam district, Hanoi, Vietnam. 
Research funded by Vietnamese National Research Project on Medicinal 
Plants. Code: ĐTĐL CN-52/15), and future results are expected to 
provide more evidence and support their uses as new antibacterial 
therapies, which might provide the cheap and safe remedy for both 
human and animal health problems [27].

As polyphenol contents and antioxidant activities in plants have 
been demonstrated to exert many biological properties including the 
antimicrobial effects, our study also measured these values and investigated 
their relationships with the antibacterial effects. First, we analyzed the 
relationships between polyphenol contents and antioxidant activities and 
observed that they were significantly and positively correlated in extracts 
from methanol, but not in extracts from ethanol. Our results, therefore, on 
the one hand, indicated the contribution of polyphenols in plant antioxidant 
activities, but on the other hand, suggested that these activities were not only 
solely limited to polyphenols but also derived from other compounds. While 
phenols have been considered as main plant antioxidant components and 
their direct proportion to antioxidant activities was well established [28], 
researchers have also suggested that other secondary metabolites in plants, 
such as volatile oils, carotenoids, vitamins, or botanical polysaccharides, 
also play a role in their antioxidant activities [29,30]. When comparing the 
results of polyphenol contents with the results of antibacterial effects, our 
study found that the plants which represented the highest effects on bacteria, 
including betel and turmeric mother rhizome, were also represented the 
highest values of polyphenol contents. However, their antioxidant activities 
were not as remarkable because the similar high activity values were also 
observed in other plants such as culantro, greater plantain, and turmeric first 
daughter rhizome. These results suggested that antibacterial effects might 
be more closely associated with polyphenol contents than with antioxidant 
activities. The hypothesis was further evident with the next results, which 
showed that while correlations between  -  MICs and polyphenol contents 
were always positive and significant regardless of the extracting solvents, 
correlations between  -  MICs and antioxidant activities were less evident, 
as they were not significant in methanol extracts. Considering these 

results overall, it is possible to speculate that phenolic compounds are an 
important factor that directly contributes to antibacterial effects of the 
plants investigated in our study, and this is in accordance with a number of 
the previous studies, which reported that phenolic was the most important 
active compound against bacteria in plants [7]. The proportion of phenolic 
compounds in antibacterial effects of plants also partly explained the 
difference insensitivities between the two bacterial grams that observed 
with this study. Since only Gram-negative bacteria have a thick liposaccharide 
coated cell wall that impermeable to polar phenolic acids [31], they are more 
resistant than Gram-positive bacteria to polyphenol compounds and thus 
more resistant to plant effects. Polyphenol compounds have been reported 
to exert many pharmacological functions, including the antibacterial 
effects, through their antioxidant activities [9]. However, in our study, the 
correlations of antioxidant activities with antibacterial effects were less 
evident than those of polyphenol contents. It can be explained through the 
fact that some polyphenols, such as tannins, might exert antibacterial effects 
through pathways that different from antioxidant modes of action [32]. In 
addition, the chemical structures, but not antioxidant activities, are known 
to be more responsible in antimicrobial properties of some plant active 
components [32,33]. These reasons might partly explain the less significant 
correlations between antioxidant activities and antibacterial effects observed 
in this study, and indicate that investigation on pathways that different from 
antioxidant mode of actions is still required to verify the effects. In addition, 
because our study evaluated antibacterial effects of plants through MICs, the 
values that represented only the direct inhibition on bacteria, we were not 
able to access the other indirect pathways, which are also known to play a 
role in the treatment of plants with bacteria [34]. Since bacterial infections 
induce the oxidative stress [34], researchers have demonstrated that the 
antibacterial effects of plants are not only mediated through their direct 
inhibition on bacterial agents but also through the indirect inhibition, such 
as the antioxidant activities to reduce cellular damage caused by oxidative 
stress [35]. As our study has not yet examined these indirect pathways, we 
were not able to access in the full scale the role of antioxidant activities in 
plant antibacterial effects, and future researches with in vivo study would, 
therefore, be necessary to verify this point.

In our results, it was noticeable that turmeric mother rhizome 
showed significantly stronger inhibition on bacteria than the first 
daughter rhizome. Even some studies have indicated that different 
types of turmeric rhizome might contain different concentrations of 
active compounds, including curcumin, the main active component of 
turmeric [36], there have been no reports investigated the difference 
in their pharmacological properties. In addition, researches that 
separated mother rhizome and first daughter rhizome of turmeric to 
examine have been mainly focusing on only comparing their seeding 
effects [37]. Interestingly, our study found that they were also different 
in antibacterial properties because mother rhizome was significantly 
stronger than first daughter rhizome in the inhibitory effects with 
bacteria. This difference was then partly attributed to the polyphenol 
contents and antioxidant activities because the former was also superior 
in the values represented these properties. Considering the results 
overall, our study has demonstrated that mother rhizome is a more 
advantageous rhizome type of turmeric not only in effects with bacteria 
but also in other properties such as polyphenols or antioxidants. This 
finding partly gives pharmacological basis to explain why traditional 
healers had observed the superior of turmeric mother rhizome to 
turmeric daughter rhizome in the treatment of some diseases including 
those are associated with bacterial infections [10]. Furthermore, the 
results indicate that future researches into pharmacological effects or 
phytochemical constituents of turmeric should separate its rhizome 
types and investigate because it is likely that they have different 
properties. However, the isolation and characterization of active 
compounds that responsible for their difference is still in progress and 
will be underway on future researches.

In our study, both extracts from ethanol and methanol showed inhibitory 
effects on tested bacteria. As stated by Cowan [38], nearly all of the identified 
components from plants active against microorganisms are aromatic or 
saturated organic compounds and are most often obtained through initial 
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ethanol or methanol extraction. In our study, solvents also played a role 
in extract biological values because those from methanol yielded the 
significantly stronger antibacterial effects and were also richer in polyphenol 
contents. These results are in accordance with some studies [39], while 
they are in opposite with others [40,41]. The diverse in biological activities 
of plant extracts from different solvents is explained by the differences in 
their degrees of solubility for various phytochemicals  [38]. Therefore, in 
research with medicinal plants, the optimization study on extracting solvents 
is necessary, as they lead in the selection of suitable solvents for each plant 
material and each target property [42].

CONCLUSIONS

Our study has demonstrated the antibacterial effects of 13 plant 
materials, which partly gives the pharmacological basis to explain 
their traditional uses for the treatment of diseases associated with 
bacterial infections. Antibacterial effects of those plant extracts were 
closely correlated to their polyphenol contents, suggesting that these 
compounds play a significant role in the effects of plants on bacteria. 
Among all tested plant materials, betel and turmeric mother rhizome 
showed the highest antibacterial effects, and they also exerted 
inhibition on E. coli and S. suis strains that had already been resistant to 
antibiotics, suggesting that they might be the promissory candidates to 
alternate antibiotic uses in bacterial infections.
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SUPPLEMENTAL MATERIAL

Frequencies of antimicrobial resistance in Escherichia coli 
isolated from chicken feces

Antimicrobial Breakpoint (Mg/ml) Number of resistant 
isolates (%)

Ampicillin 32 9 (100.0)
Chloramphenicol 32 3 (33.3)
Chlortetracyсline 16 2 (77.8)
Nalidixic acid 32 3 (33.3)
Streptomycin 32 5 (55.5)
Sulfadimethoxine 512 9 (100.0)
Numbers in parenthesis indicate the percentage

Phenotypes of antimicrobial resistance of nine Escherichia coli 
strains isolates from chicken feces

CTC‑CP‑STR‑NA‑SDM 1 (11.1)
CP‑STR‑NA‑SDM 1 (11.1)
CTC‑NA‑SDM 1 (11.1)
cp‑smsDM 1 (11.1)
SDM‑STEL 1 (11.1)
SDM 3 (33.3)
Resistance 9 (100)
Numbers in parenthesis indicate the percentage. (a) CHL: Chloramphenicol, 
CTC: Chlortetracycline, STR: Streptomycin, NAL: Nalidixic acid, 
SDM: Sulfadimethoxine. (b) Breakpoints suggested by the Clinical and 
Laboratory Standards Institute[1] were used for the determination of resistance 
to CHL (32 µg/ml), CTC (16 µg/ml), NAL (16 µg/ml), and SDM (512 µg/ml). The 
breakpoint of STR was 32 (µg/ml), as described by Orden et al. [2]

Frequencies of antimicrobial resistance in 23 Streptococcus suis 
strains isolated from pigs

Antibiotic Breakpoint (μg/ml) Number of resistant 
isolates (%)

Ampicillin 0.5 0 (0.0)
Chlortetracyсline 8 23 (100.0)
Kanamycin 250 3 (13.0)
Penicillin 0.25 0 (0.0)
Sulfadimethoxine 512 23 (100.0)
Streptomycin 250 5 (21.7)
Numbers in parenthesis indicate the percentage

Phenotypes of antimicrobial resistance of 23 Streptococcus suis 
strains isolated from pigs

Resistance phenotype Number of resistant isolates (%)
CTC‑KAN‑SDM‑STR 1 (4.3)
CTC‑KAN‑SDM 2 (8.7)
CTC‑S1R‑STR 4 (17.4)
CTC‑SDM 16 (69.6)
Resistance 100
Numbers in parenthesis indicate the percentage. CTC: Chlortetracycline, 
KAN: Kanamycin, SDM: Sulfadimethoxine, STR: Streptomycin. Breakpoints 
suggested by the Clinical and Laboratory Standards Institute[1] were used for 
the determination of resistance to CTC (8 µg/ml) and SDM (512 µg/ml). The 
breakpoints of KAN and STR were 250 (µg/ml), followed the guidelines or 
manufacturers[3]
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