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Abstract: Bark from ironwood (chuồn in Vietnamese) is used in the production of traditional sugar palm wine of ethnic 
minorities in Central Vietnam. The objectives of this study were to investigate the antimicrobial properties of water and alcohol 
extracts of this bark and to determine the major active chemical components in these extracts. The agar well diffusion test was 
used to evaluate the antimicrobial activities of water and ethanol (10% v/v and 30% v/v) extracts of ironwood bark against 
Escherichia coli, Staphylococcus aureus, Acetobacter xylinum and Saccharomyces cerevisiae. All the extracts were found to 
possess significant inhibitory property against the tested microorganisms except S. cerevisae. The higher antimicrobial 
properties were noticed in the ethanol extracts compared to that of the water extract. Such antimicrobial property of the bark 
could explain its important role in supporting spontaneous alcohol fermentation of sugar palm sap in traditional wine making 
by ethnic minorities in Central Vietnam. The study also revealed the presence of saponins, tannins, phenols, terpenoids and 
flavonoids in the bark extracts. The analysis of flavonoid content in the ironwood bark gave the result of 15.57% (on dry basis), 
these flavonoids were also found to possess stronger antimicrobial activities than those of the ethanol extracts. 
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1. Introduction 

Finding new bioactive compounds from natural sources for 
preparation of food additives, functional foods or for 
medicinal purposes has been the target of many studies, 
attracting great attention from scientists as well as the public 
media worldwide recently [1, 2]. According to the WHO 
report, medicinal plants are the best sources in 
pharmaceutical production. About 80% of the population in 
developing countries has been using medicine of plant origin. 
Hence this raises the need of extensive studies on the 
chemical composition, functional and safety properties of 
these medicinal plants [3]. 

Various phytochemicals have an ability to protect plants 
from pathogens and they also could be exploited for human 
uses [2, 4]. Tannins, which are compounds associated with 
protein synthesis, have been shown to possess antimicrobial 
activities [1, 5, 8]. The effect of flavonoids, a plant 
polyphenolic hydroxylate, against pathogenic microorganisms 

in vivo and in vitro has been well documented. Terpenoids 
could also have good antimicrobial capability beside their 
main role in aroma formation. Saponins, which are glycosides, 
have been shown to have ability to inhibit the Gram positive 
bacteria such as Streptococcus aureus [2]. All these 
compounds are from natural origins and therefore they have 
much more advantages over synthetic antimicrobial agents in 
terms of consumer safety. 

Tropical jungles in Vietnam has diversifying flora, 
including those plants which have potential for retrieving 
bioactive compounds for human uses but are not very well 
studied. Among them there is ironwood (Mesua ferrea)  
(named “chuồn” in Vietnamese), which is found abundant in 
the mountainous area of Central Vietnam. The bark from the 
tree has been used traditionally by the ethnic minorities in 
making sugar palm wine. Accordingly, the dry bark is added 
to the sap from sugar palm to prevent the spoilage during 
spontaneous fermentation and to give the characteristic taste 
for fermented product. 
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We believe the bark of ironwood has the special ability to 
inhibit the growth of undesirable microorganisms, but 
support the alcohol fermentation of the sugar palm sap. 
Therefore, in this study we investigated the inhibitory effect 
of water and ethanol extract of the ironwood bark against 
Escherichia coli, Staphylococcus aureus, Acetobacter 
xylinum and Saccharomyces cerevisiae which are 
representatives for Gram positive and Gram negative bacteria, 
acetic acid bacteria, ethanol forming yeasts. Another 
objective of the study was also to determine the presence of 
some bioactive compounds in the extracts tested. 

2. Materials and Methods 

2.1. Preparation of Water and Ethanol Extracts from 

Ironwood Bark 

The bark of ironwood was cut from the middle trunk of the 
trees grown in the jungle of Quảng Nam province, Vietnam. 
It was then dried and ground into powder. Each 10g of the 
bark powder was suspended in 100 ml solvent contained in 
closed flask and let extracted 3 days in shaking device at 70 
rpm. After that, the extract was filtered and evaporated to the 
final volume of 30 ml. Solvents used for extraction were 
distilled water, ethanol 10% (v/v) and 30% (v/v). 

2.2. Preparation of Microorganism Cultures 

Tested microbial species including Escherichia coli ATCC 
25922, Staphylococcus aureus ATCC 25923, Saccharomyces 
cerevisiae were donated by National Agro-Forestry-Fisheries 
Quality Assurance Department Zone 2 in Da Nang, Vietnam. 
Acetobacter xylinum (acetic acid bacterium) was supplied by 
Biotechnological Department of Da Nang University of 
Technology. 

E.coli and S.aureus were grown on Brain Heart Infusion 
(BHI) agar for 24h at 37οC, A. xylinum at 30οC for 36h. 
Hansen agar was used for growing S. cerevisiae at 30οC for 
36h. These species were then cultured in respective liquid 
media for next experiments. 

2.3. Agar Well Diffusion Assay 

Antimicrobial activity was determined by using the agar 
well diffusion method. Prior to streaking 100µl microbial 
suspension on the Mueller Hinton plates, 2 wells of 8mm in 
diameter were punched by means of a sterile borer. In each 
plate, 100 µl of the test extract was introduced into one well, 
100 µl distilled water was introduced into the other as a 
control. The plates were incubated overnight at 37οC. The 
antimicrobial effect was evaluated by measuring the diameter 
of inhibition zone. The width of inhibition zone was 
calculated as (D-d), where D was the zone diameter (mm) 
and d was the well diameter (mm). 

2.4. Qualitative Analysis of Some Active Compounds 

• Determination of the presence of saponin (Frothing Test) 
[6]: by vigorously shaking 3 ml extracts in test tube. 

Stable foams likely indicate the presence of saponin. 
• Determination of the presence of phenols and tannins 

(Ferric Chloride Test) [6]: by pipetting 1 ml of the bark 
extracts and 2 ml of solution FeCl3 2%. The appearance 
of dark green color is typical for the possible presence 
of phenols or tannins. 

• Determination of the presence of terpenoids 
(Salkowski’s Test) [6]: The content of 1 ml the extracts, 
2 ml conc. H2SO4 in test tube was gently shaken. The 
change of color to brown red was indicative for the 
presence of terpenoids. 

• Determination of the presence of flavonoids (Shinoda 
Test) [9]: One ml of the extract, magnesium powder and 
a few drops of conc. HCl were poured into a test tube. 
The presence of flavonoids was likely to be confirmed 
by the appearance of orange, red, pink or purple color. 

• Determination of the presence of glycosides (Keller 
Killiani Test) [2]: One ml of the extract, 2 ml of dilute 
acetic acid, 2 drops FeCl3 2% and 2 ml of the conc. 
H2SO4 were taken into a test tube. The formation of 
brown color was indicative for the presence of 
glycosides 

2.5. Extraction and Quantitative Determination of 

Flavonoids (Talli Procedure) [9] 

Exactly 5g of ground bark was subjected to Soxhlet 
extraction firstly with petroleum ether to eliminate lipids, 
colorants, followed by drying to remove the solvent out of 
the bark sample and then the bark was extracted again with 
ethanol 96% (v/v). The extract was dried in a rotary 
evaporator and the residual fraction was dissolved in 100 ml 
distilled water. The solution was further extracted with ethyl 
acetate for several times until the negative result for the 
presence of flavonoids evolved. Ethyl acetate was then dried 
off to obtain the residue at 80οC to constant weight m (g). 
The content of crude flavonoids was calculated as follows: 

% flavonoids =
�

� ×(����	)
x 100 

m: Weight of obtained crude flavonoids (g) 
a: Weight of ground bark, 5g 
X: Moisture content of the bark (%). 

2.6. Data Analysis 

Means and standard deviations were calculated from the 
results of 3 replicates. Least Significant Difference (LSD) 
Test and unpaired t-test (at α =5%) were used for data 
analysis. 

3. Results and Discussions 

3.1. Antimicrobial Activities of the Water and Ethanol 

Extracts from Ironwood Bark 

The water and ethanol (10% v/v and 30% v/v) extracts 
were prepared according to the method described in 2.1. 
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Antimicrobial effect of these extracts was determined using 
agar well diffusion assay as mentioned above. The results are 
presented in Table 1 as mean ± standard deviation of 

triplicates. Figure 1 illustrates the inhibition zones formed by 
the effect of the ethanol extracts in agar dishes. 

a b 

c d 

Figure 1. Inhibition zones influenced by ethanol 30% (v/v) extracts against (a) E. coli, (b) S. aureus, (c) A.xylinum  and (d) S.cerevisiae  

Table 1. Antimicrobial activities of ironwood bark extracts 

Extract 
(D-d) (mm) 

E. coli S. aureus A. xylinum S. cerevisiae 

EtOH 30%(v/v) 11,67b ± 0,50 11,00c ± 0,24 12,50b ± 0,44 0 
EtOH 10% (v/v) 11,50b ± 0,50 9,33b ± 0,85 12,33b ± 0,75 0 
Water 9,33a ± 0,48 4,33a ± 0,50 5,33a ± 0,48 0 
Control 0 0 0 0 

Note:- D, d: diameter of the inhibition zone and the well, respectively;  
- Different letters associated with the values in each column indicate significant   difference at α=5%. 

The results showed that all the extracts exhibited strong 
antimicrobial effect against E. coli, S. aureus and A. xylinum, 
since clear inhibition zones around those agar wells were 
noticed with the addition of the extracts in contrast with the 
absence of clear zone around the well with control samples 
(water). However, none of the extracts was found to inhibit the 
growth of S. cerevisiae. This effect depended on the various 
types of extracts and microbial species. In general, the water 
extracts showed weaker antimicrobial activities than the 
ethanol extracts. LSD Test showed significant differences 
(α=5%) between samples with water extracts and with ethanol 
extracts. This suggested that ethanol 10% (v/v) and 30% (v/v) 
were better solvents for extraction active compounds from the 
ironwood bark powder. The ethanol 10% (v/v) and ethanol    
30% (v/v) extracts made no difference in diameter of the 
inhibition zones except the case of S. aureus whereas the 
ethanol 30% showed a greater effect. Water extracts of 
ironwood bark inhibited E. coli rather well, but the effect was 
weaker against S. aureus and A. xylinum. In all cases, S. 
cerevisiae could grow well in the media added with the 
ironwood bark extracts. 

The better ability of aqueous ethanol to extract 
antimicrobial components from plant sources was also 
reported in many studies. Shinkafi et al. [7] found out that the 

ethanol extracts of onion exhibited high activity against 
pathogenic microorganisms, whereas the water extracts 
didn’t have such ability. In another study, Bipul Biswas et al. 
[2] confirmed the antimicrobial effect of the ethanol extract 
of guava leaves, but water could not extract antimicrobial 
compounds from guava leaves. This result suggests that 
aqueous ethanol could be a good solvent for extracting 
antimicrobial components from plants. 

The extracts of ironwood bark were effective against wide 
spectrum of bacteria, either Gram positive or Gram negative 
bacteria. We deduced that there could be various 
antimicrobial compounds in the extracts, acting against 
different bacterial species. Strong inhibition effect of the 
ironwood bark extracts against Acetobacter xylinum, which 
was demonstrated by the large inhibition zones in the agar 
dishes, is very meaningful in the traditional method of 
making palm wine used by ethnic minorities in Central 
Vietnam. During the spontaneous fermentation of the palm 
sap, low content of alcohol formed in the sap should be ideal 
for the growth of acetic acid bacteria. These bacteria could 
lower the alcohol content of the product as well as raise the 
acetic acid level which makes the taste of the product 
unacceptable. Therefore, adding the bark of ironwood into 
the sap of sugar palm, the local people have allowed the 
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active antimicrobial components to extract into water and 
later in the alcohol media of the sap and therefore protect the 
product from undesirable microorganisms, while allows 
alcohol forming yeast such as S. cerevisiae to ferment at their 
full capacity. This theory suits the experiences of the local 
people. According to them, without addition of the bark, the 
product is spoilt with unacceptable taste, while the presence 
of the bark could extend the shelf life of the product for 
couple of days. 

3.2. Qualitative Analysis of Active Compounds in the 

Extracts of Ironwood Bark 

In this study, we aimed to find out the presence of some 
active compounds in the water and ethanol (10% v/v) 
extracts using characteristic reactions with the reagents 
mentioned in section 2.4. Saponin, terpenoids, flavonoids, 
glycosides, phenols and tannins were our targets, because 
they have been believed to have antimicrobial activities. The 
results were presented in Table 2. 

Table 2. The presence of some active compounds in water and ethanol extracts 

Solvent Saponins Phenols and tannins Terpenoids Flavonoids Glycosides 

Ethanol - + + + + 
Water + + + + + 

Note: (+) presence;  (-) absence 

From this table, we can see just one difference in 
composition of two kinds of extracts - the absence of 
saponins in water extract of the bark, whereas other active 
components were present in both water and ethanol extracts. 
Saponins are surface active compounds, which reduce 
surface tension of solutions and hence facilitate foam 
formation. Saponins were also reported to possess the 
inhibition potential against Gram positive bacteria. Their 
absence in water extract may explain for the lower 
antimicrobial action against S. aureus, what was found in the 
agar well diffusion assays mentioned above. Phenols, tannins, 
terpenoids, flavonoids and glycosides are supposed to have 
potential of antimicrobial effect, their presence in both 
ethanol and water extracts could be an explanation for the 
results given in section 3.1. 

3.3. Quantitative Analysis of Flavonoids in Ironwood Bark 

and Their Antimicrobial Effect 

Flavonoids were found present in the ironwood bark 
extracts. These compounds could have various biofunctional 
properties [10]. In this study, we were interested in their 
content in the bark of ironwood and their antimicrobial 
function. 

Flavonoids were extracted and determined according to 
Talli procedure described in 2.5. The results of moisture and 
flavonoids analysis were shown in Table 3: 

Table 3. Analysis of moisture and flavonoids of ironwood bark 

Content % 

Moisture  6.26 

Flavonoids 15.57 

1g of the extracted flavonoids was dissolved in 10 ml of 
distilled water to make a solution of 10% (w/v). Using agar 
well diffusion assay, the antimicrobial activity of the 
flavonoid solution against E. coli and S. aureus was 
evaluated. Water was used instead of flavonoids in control 
samples. The results of inhibition zone measurements were 
presented in Table 4. Figure 2 illustrates inhibition zones 
formed by flavonoids in agar dishes. 

Table 4. Antimicrobial activity of ironwood flavonoids 

Sample E. coli S. aureus Control 

(D-d)(mm) 17.25 ± 0.85 16.63 ± 0.75 0 

 

a b 

Figure 2. Inhibition zones formed by flavonoids against (a) E. coli; (b) S. 
aureus. 

The results from Table 4 show strong inhibition effect of 
flavonoids from the ironwood bark against the tested Gram 
positive and Gram negative bacteria. The differences (D-d) in 
this case were even better than in the case of using the 
ethanol extracts mentioned in 3.1. This suggests that the 
extracted flavonoids at 10% (w/v) possessed stronger 
antimicrobial property against E. coli and S. aureus than the 
ethanol extracts of ironwood bark. The result of t-test showed 
no significant difference in the effect of samples with E. coli 
and S. aureus (p=0.413). 

Our results could reveal close link between antibacterial of 
the water and ethanol extracts of ironwood bark with the 
flavonoid content. The ironwood bark with high content of 
flavonoids apparently has high capacity to inhibit growth of 
either G+ or G- bacteria. 

4. Conclusions 

Natural active compounds can play an important role in 
modern production of food preservatives, functional foods or 
other human applications. The results of our study showed that 
the bark of ironwood could be a potential source for extracting 
antimicrobial components. The bark possibly contains various 
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groups of active compounds such as flavonoid, phenols, 
tannins, saponins, glycosides, terpenoids which generally have 
antimicrobial effect. The content of flavonoids in the bark 
(15.57% d.b.) is high and these flavonoids have been shown to 
have excellent antimicrobial properties against both Gram 
positive and Gram negative bacteria. 

The water and ethanol extracts of ironwood bark have 
been proven to have a unique antimicrobial properties, which 
would play important role in production of sugar palm wine 
in Central Vietnam. These extracts exhibited positive 
antimicrobial effects against Gram positive and Gram 
negative bacteria, acetic acid bacteria, but did not inhibit the 
growth of S. cerevisiae. The presence of ironwood bark, 
sugar palm sap could spontaneously be fermented in favor of 
forming ethanol by S.cerevisiae. 

In order to completely understand antimicrobial activities 
of ironwood bark and possible applications in practice, 
further work need to be done. These include investigating the 
effect on wider spectrum of microbial species, identifying 
main active compounds, and finally evaluating toxicity of the 
bark or their extracts. 
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