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Effect of solvent extraction on antioxidant and antibacterial activities from 
Quercus infectoria (Manjakani)

Abstract

Bioactive compounds from Quercus Infectoria (manjakani) were extracted with six different 
types of solvents: 100% methanol, ethanol, acetone, aqueous and 70% methanol and ethanol. 
High Performance liquid chromatography (HPLC) was used to identify and quantify the active 
compounds, namely gallic acid and tannic acid. Total phenolics content were determined 
by Folin-Ciocalteu while antioxidant and antibacterial activity were tested using DPPH free 
radicals scavenging and disc diffusion assay. The result revealed that aqueous extract contained 
the highest concentration of bioactive compounds compared to other types of solvents which are 
51.14 mg/g sample and 1332.88 mg/g sample of gallic acid and tannic acid respectively.. The 
highest level of phenolic compound was found in 100% acetone extract (121 mg GAE/g). The 
results demonstrated that aqueous extract gives the highest antioxidant activity approximately 
94.55% while acetone extract gives the largest inhibition zone for disc diffusion assay which 
is 19.00 mm respectively. The results revealed rich sources of gallic acid and tannic acid in Q. 
infectoria which might provide a novel source of these natural antioxidant and antibacterial 
activity.

Introduction

Numerous studies have been conducted on the 
potential of traditional plants on their biologically 
activity for medicinal purpose. The biologically 
activity of these plants is related to their bioactive 
compounds which definitely produce physiological 
actions on human body (Mohemmadi et al., 2011).
There are wide variety of bioactive compounds 
that gained interest among researchers such as 
tannins, saponins, alkaloids, flavonoids and phenolic 
compounds (Hill, 1952). The extraction of active 
compounds is highly depending on the polarity of the 
solvent because polar compound is easily extracted 
using polar solvent (Goli et al., 2004). Thus, the 
solvent used for the extraction of bioactive compounds 
must be critically chosen because it will influence the 
quantity and quality of the final extract (Sinero et al., 
2008). Q. infectoria is one of the traditional plants 
that have great potential on the medicinal purpose and 
have been reported to possess antioxidant (Everest, 
2005) and antibacterial (Hamid et al., 2005). In Asian, 
it has been used for centuries as traditional medicine 
for treating inflammatory disease (Galla, 1911; Kaur 
et al., 2004) while in Malaysia it has been used as a 
herbal drink to treat the women after their childbirth 

to restore the elasticity of the uterine wall. Other than 
that, by using the hot water extract of Q. infectoria as 
a mouth antiseptic, it can control the inflammation of 
tonsils, while the direct application of it onto the skin 
cures swelling or inflammation (Chopra et al., 1956). 
Moreover, this herb also show promising results in 
cosmeticeutical where it was (Rohana et al., 2004) 
reported that the galls possess high potential in skin 
whitening. The potential of Q. infectoria in medical 
and cosmaceutical areas have induced researchers to 
study and investigate further details about its usage 
and application.

The galls is greatly used as medicinal plant since 
ancient times because it was reported to contain large 
amount of bioactive constituents such as tannins, 
gallic acid, syringic acid and others (Dar et al., 1976: 
Ikram and Nowshad, 1977; Hwang et al., 2000). The 
main constituents found in the galls of Q.infectoria 
are tannin (50-70%) and small amount of free gallic 
acid and ellagic acid (Ikram and Nowshad, 1977; 
Evan, 1996; Wiart and Kumar, 2001). Most study 
on Q. infectoria was on identification and isolation, 
biological and pharmacological studies (Basri et 
al., 2005; Kaur et al., 2005; Asghari et al., 2011). 
However, none of the study reported on the effects of 
solvents toward antioxidant and antibacterial activity. 
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Therefore, the objective of the present study was to 
identify and quantify gallic acid and tannic acid from 
the gall extracts using six different types of solvents 
by using HPLC, and to evaluate the antioxidant 
and antibacterial activity using DPPH free radicals 
scavenging and disc diffusion method. 

Material and Method

Plant material
Q. infectoria galls were purchased from local 

herbal shop in Kota Tinggi, Johor Bharu, Malaysia.

Chemicals and reagents
Methanol (MeOH 100% and 70%), ethanol (EtOH 

100% and 70%), Acetone 100% and 2, 2-diphenyl-1-
picrylhydrazyl (DPPH), Gallic acid and Tannin acid 
were purchased from Sigma-Aldrich (M) Sdn Bhd 
Chemicals.

Extraction of plant material
To prepare the extract, 5 g of powdered galls 

were weighed and placed in a Whatman 25 mm х 
100 mm cellulose thimble while 150 ml of methanol 
(100%) was placed at the bottom of the apparatus.
The extraction process was done for 6 hours at the 
boiling point.. Then, the extraction yield was put in 
the rotary evaporator at 40°C to remove the solvent. 
All the steps were repeated using 70% methanol, 
100% ethanol, 70% ethanol, acetone and aqueous. 
After that, the yield of the extracted samples were 
calculated using the following equation:

Percent of yield extraction = Final weight (g) x 100                                                                                                                                   
                                                      Initial weight

High Performance Liquid Chromatography 
(HPLC)
Determination of Gallic Acid

Determination of active constituents from 
extracted compounds were examined using high 
performance liquid chromatography as described by 
(Pin et al., 2006) with a slight modification. 

In order to evaluate the quality of extracted 
compounds, all of the samples were analyzed by 
using high performance liquid chromatography using 
gallic acid as chemical marker. Waters 600E System 
Controller combined with Waters 996 Photodiode 
Array Detector was used and C18 column was 
selected as stationary phase. Meanwhile, 0.1% 
orthophosphoric acid (H3PO4) was consumed as 
solvent A and 100% acetonitrile (100%) as solvent 
B. Then, the flowrate of mobile phase was adjusted at 
1 ml/min at 280 nm and every injection was set until 
achieved 10 µL.

Determination of tannic acid
The concentration of tannic acid from the extracts 

was determined as reported by Asghari et al. (2011) 
with slight modification. High performance liquid 
chromatography was performed by reversed-phase 
HPLC on a C18 column by using a binary gradient 
elution with consisting of an aqueous methanol eluents 
at low pH as mobile phase. The gradient system 
consisted of solvent A (25 ml acetic acid and 975 
ml distilled water) and solvent B (99.8% methanol) 
pumped at 1 mL/min. The gradient started with 100% 
solution A and ended with 100% solution B at 30 min. 
The column temperature was maintained at 30°C. 
The sample peaks were identified by comparing 
with standard solution of tannic acid at 280 nm. The 
percentage of the tannin acid was calculated using 
the appropriate calibration curves. 

DPPH radical scavenging assay
This assay was carried out according to the method 

of Miliauskas et al. (2004) with a slight modification. 
DPPH or 2,2-diphenyl-1-picrylhydrazyl is stable free 
radicals, which forms a purple-coloured solution 
when dissolved in methanol. Antioxidant components 
can scavenge these stable free radicals and therefore 
the purple colour will be bleached. Extract solution 
was  prepared by dissolving 0.025 g of dry extract in 
10 ml of methanol to give a final concentration of 2.5 
mg/ml. After that, 77 µL of the extract solution was 
mixed with 3 ml of 6 x 10-5 M methanolic solution of 
DPPH. After that, the mixture was placed in the dark 
for 30 minutes at room temperature and the decrease 
in the absorption was measured at 517 nm by using 
spectrophotometer. Radical scavenging activity of 
the samples was calculated by using the following 
formula:

100
A

AA
  (%)  quenched DPPH

Control

SampleControl ×
−

=
  

Determination of total phenolic content
The total phenolic content (TPC) of each sample 

was estimated using the Folin-Ciocalteu colorimetric 
method according to Slinkard and Singelton (1977) 
with minor modifications. Appropriately, 20 µL 
diluted test sample (1 mg/ml) was reacted with Folin-
Ciocalteu reagent (100 µL) and 1.58 mL of water for 
8 minutes at room temperature. Then, the mixture 
was neutralized with 300 µL of sodium carbonate 
(75 g/l) and the mixture was left for 2 hours in the 
dark at room temperature. The absorption was read 
at 765 nm against a reagent blank (containing all test 
reagents except for sample). All the determinations 
were performed in triplicate. Quantification was 
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done on the basis of a standard curve with gallic 
acid. Result was expressed as gram of gallic acid 
equivalent (GAE) per gram dry weight. 

Antibacterial assay
The disc diffusion method was used to evaluate 

the antibacterial activity according to Basri et al. 
(2012) with a slight modification. Nutrient agar 
prepared earlier was used as the media for the test 
microorganism. The extracts from the galls of Q. 
infectoria at 50 mg/ml were screened against two 
gram positive bacteria (Staphylococcus aureus and 
Bacillus subtilis) and two gram negative bacteria 
(Escherichia coli and Pseudomonas aeruginosa). 
First, 50 µL of bacteria suspension was applied to 
the nutrient agar plate. Then, it was swabbed to the 
entire surface of the agar by using sterile hockey 
stick. After that, sterile filter paper disc (Whatman 
No.1, 6 mm) was impregnated with 20 µl of each of 
the extracts (50 mg/ml). Then, streptomycin (10 µg/
disc) was used as a standard to confirm that the entire 
microorganism tested was inhibited by the antibiotic 
and sterile distilled water used as negative control. 
All the plates were incubated for 24 hr at 37°C. Then, 
the antibacterial activity was interpreted from the 
size of diameter of zone inhibition measured to the 
nearest millimeter (mm) as observed from the clear 
zone surrounding the disc (Basri and Fan, 2005). The 
inhibition zone was measured after 24 hours.

Statistical analysis
The data presented were analyzed by using SPSS 

16.00 for windows (SPSS Inc., Chicago, IL). The 
significance difference between the data were analyzed 
by using one-way analysis of variance (ANOVA) and 
Tukey’s test  at 95% confidence level.

Results and Discussion

Solvent effects on extract yield
Based on Table 1, the highest extraction yield was 

found with water extract (80.03%) and with slight 
difference followed by 70% methanol (76.34%) 
and 70% ethanol (71.44%). Tian et al. (2009) have 
reported similar findings, in which the highest yield of 
Galla chinensis was obtained from aqueous solvent. 
On the other hand, 100% acetone resulted on lowest 
extraction yield suggesting that bioactive compounds 
in Q. infectoria is easier to extract with solvents that 
are more polar. However, from ANOVA analysis, 
the extraction yield from all solvents did not show 
significant difference (P > 0.05). The results above 
also indicate that the mixture of organic solvents 
give higher extraction yield compared to the pure 
solvent alone. This finding was compatible with the 

previous findings as documented by Markom et al. 
(2007) where they found that the addition of water in 
ethanol significantly increased the extraction yield of 
Phyllanthus niruri Linn.

The suitable solvent for extracting target 
compounds should be selected carefully because 
the extracted compound will be based on the type 
of solvents used (Zarnowski and Suzuki, 2004). A 
polar solvent will isolate polar compound and non-
polar solvent will extract non-polar compound thus 
different solvents will yield different extracts and 
extract composition. The highest yield is commonly 
achieved by using methanol or ethanol and their 
mixture with water. However, ethanol and water are 
widely used solvents due to their low toxicity and high 
extraction yield and in advances their polarity can be 
modulated by mix them at selected ratio (Franco et 
al., 2008). 

High performance liquid chromatograph
In HPLC analysis (Table 1), the similar trend 

was found for both gallic and tannic acid in which 
100% aqueous> 70% ethanol> 70% methanol> 
100% methanol> 100% ethanol> 100% acetone. As 
shown in Table 1, aqueous extracts contain highest 
concentration of gallic acid (101.55 mg/g sample) and 
tannic acid (2975.11 mg/g sample) compared to the 
other solvents used for extraction process. This result 
indicates that aqueous solution is a better extraction 
solvent for the extraction of both gallic acid and 
tannic acid. The analysis revealed  that tannic acid 
constitute a major bioactive compound of the extract  
and due to its high concentration in gall extract, most 
properties of the extract can at least be attributed to 
tannic acid. In notion to this, gall extract was found to 
scavenge free radicals from DPPH (Yokozawa et al., 
1998; Lopes et al., 1999; Gyamfi and Aniya, 2002) 
and inhibit the growth of gram positive and gram 
negative bacteria (Asghari et al., 2011). In addition, 
higher yield of these compounds might contribute to 
other pharmaceutical use such as anti-inflammatory, 
anticancer, antimutagenetic and astringent activity 
(Gicher et al., 1987). Previous study reported lower 
concentration of gallic acid and tannic acid  from 
ethanolic extract of Q. infectoria which is 87.5 

Table 1. Total extraction yield and concentration of gallic 
acid and tannic acid from Q. infectoria using different 

types of solvents
Types of solvents Yield (%) Gallic acid (mg/g sample) Tannic acid (mg/g sample)
100% methanol 69.54±0.07a 51.14 1332.88
70% methanol 76.34±0.04a 71.13 1823.31
100% ethanol 45.71±0.13a 37.22 954.03
70% ethanol 71.44±0.06a 99.39 2512.22

100% acetone 43.57±0.19a 34.04 949.34
100% aqueous 80.03±0.07a 101.55 2975.11

Values are expressed as mean± SD of duplicate measurement in which different letters for each 
column (a-c) are significantly different at p < 0.05.
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mg/g and 199.25 mg/g, respectively (Kaur et al., 
2008). However, this finding were also supported by 
literature as carried out from previous study which 
revealed the presence of tannic acid, gallic acid, 
syringic acid, ellagic acid, β-sitosterol, amentoflavone 
hexamethyl ether, isocryptomerin, starch, essential 
oils, anthocyanins, methyl-betulate, methyl- oleanate, 
hexagalloyl-glucose and polygalloyl-glucose (Dar et 
al., 1976; Ikram and Nowshad, 1977; Hwang et al., 
2000) in gall extract of Q. infectoria.

DPPH free radical scavenging
Free radicals scavenging activity (Table 2) 

showed that water extract (94.55%) gives the highest 
DPPH scavenging activity and followed closely 
by 70% methanol (94.35%) and 100% methanol 
(93.38%). However, other solvents also depicted high 
free radicals scavenging varying from 92.60% (100% 
ethanol) to 92.83% (100% acetone). Tian et al. (2009) 
documented on the contradictive result where they 
found that ethanol extract of Galla chinensis gives 
higher reduction activity compared to the aqueous 
extract. The different finding is due to the ability 
of the solvent to extract the bioactive compounds 
is differ for different plant. To date, the antioxidant 
activity of Q. infectoria galls extracts using different 
types of solvents has not been well documented but 
from the results obtained, types of solvents does not 
give significant differences towards the scavenging  
of free radicals (P > 0.05).

However, this findings was compatible with Jain 
et al. (2011) where they found that Q. infectoria 
possess antioxidant activity by scavenge the free 
radicals about 90.02% while Kaur et al. (2008) 
reported lower antioxidant activity which is  about 
71.5%. This variation in finding might be due to the 
different concentration and solvent used. Moreover, 
the different origins of the raw material also influence 
the growth of plant itself because the different soil 
composition will yield different vegetative traits 
(Devkota and Jha, 2009).

From the observation, the extracted compound 
from the 70% methanol and ethanol gave higher 
antioxidant activity compared to the absolute solvent 
and Turkmen et al. (2006) reported the same findings 

where they found 50% and 80% of solvent mixture 
exhibited considerably higher DPPH radicals 
scavenging activity compared to the pure solvent. On 
the basis of the result obtained, Q. infectoria galls are 
found to be a potential source of natural antioxidant 
to replace the synthetic antioxidant which are proven 
can initiate the cancer. The high antioxidant activity 
of Q. infectoria might be due to the presence of gallic 
acid and tannic acid which are proven to possess 
antioxidant activity (Robert et al., 1999; Govindarajan 
et al., 2005).

Total phenolic content
As shown in Table 2, the total phenolic content 

of Q. infectoria was ranged from 95.86 to 112.29 

Table 2. DPPH free radicals scavenging activity and total 
phenolic content of Q. infectoria using different types of 

solvent 
Types of solvents DPPH free radicals scavenging (%) Total phenolic content
100% methanol 93.38±0.18a 95.86 ±2.02a

70% methanol 94.36±0.64a 112.29±3.03c

100% ethanol 92.60±1.29a 109.79±6.57b,c

70% ethanol 92.86±0.18a 99.43±2.02a,b

100% acetone 92.83±1.61a 107.65±0.5a,b,c

100% aqueous 94.55±0.37a 95.86±1.01a

Values are expressed as mean ± SD of duplicate measurement in which different letters for 
each column (a-c) are significantly different at p < 0.05.

Figure 1. HPLC chromatogram of standard gallic acid

Figure 2. Gallic acid 100% methanol extract of Q. 
infectoria

Figure 3. Gallic acid from 70% methanol extract of Q. 
infectoria

Figure 4. Gallic acid from 100% ethanol extract of Q. 
infectoria

Figure 5. Gallic acid from 70% ethanol extract of Q. 
infectoria
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mg GAE/ respectively. Total phenolic content was 
estimated by using Folin-Ciocalteu colorimetric 
method, based on the procedure of Slinkard and 
singleton (1977) and using gallic acid as a standard 
phenolic compound. From the finding, extract using 
70% methanol shows the highest total phenolic 
content while 100% methanol and aqueous extracts 
show the lowest phenolic content. The results obtained 
in the present study are lower than reported by Kaur 
et al. (2008) where they reported the ethanolic extract 
from Q. infectoria was found to contain 416 ± 10.6 
mg GAE/g. The differences could be attributed to the 
different age of plant, climate and growth location. 
This obtained amount of phenolic content might be the 
reason for the high scavenging activity of  Q. infectoria 
since antioxidant activity may be directly correlated 
to the polyphenolic content (Kaur et al., 2008). In 
addition, there are wide ranges of research found 
the positive linear correlation between antioxidant 
activity and total phenolic content (Velioglu et al., 
1998; Miliauskas et al., 2004; Dorman et al., 2004; 
Surweswaran et al., 2007; Tawaha et al., 2007).

The Folin-Ciocalteu assay gives a crude estimate 
of total phenolic content in the plant extracts. 
Moreover, sugars, ascorbic acids and some simple 
phenols also react with the Folin-Ciocalteu reagents 
although they are not effective radical scavenging 
antioxidants which in turn giving elevated apparent 
phenolic (Huang et al., 2005; Prior et al., 2005). 
Generally, each phenolic compounds of extracts 
respond in different way in this assay, depending on the 
number of phenolic groups they have (Singelton and 
Rossi, 1965). Thus, this might explain the equivocal 
correlation between total phenolic content and 
antioxidant of several extracts. For example, although 
the total phenolic content of aqueous extracts (95.85 
mg GAE/g) is lower than extracts from 100% ethanol 
(109.79 mg GAE/g), the corresponding scavenging 

activity of aqueous extracts (94.55%) is higher than 
that of 100% ethanol extracts (92.60%). However, 
from the high performance liquid chromatography, 
Q. infectoria is proven to contain gallic acid and 
tannic acid which might be the reason to the high 
scavenging activity of stable free radicals. 

Antibacterial activity
As can be seen from Table 3, all the extracts 

showed inhibitory effects which were not significantly 
different (P > 0.05) against each bacterial species 
tested. In other words, the sizes of inhibitory zones 
showed by all of the organic and aqueous solvent 
did not differ significantly against all of the tested 
bacteria.

After 24 hours, the largest inhibition zone was 
shown by the extracts of 100% acetone (19.0 mm) 
against B. subtilis and it was comparable with the 
commercial antibiotics (19.5 mm) but other samples 
also showed inhibition zone varying from 12.50 mm 
to 18.0 mm. However, B. subtilis was found to be 
most susceptible towards all of the extracts. The 
smallest inhibition zone was exhibited by 100% 
acetone extract against P. aeruginosa.

From table 3, the antimicrobial properties of 
alcoholic and acetone extract were superior compared 
to aqueous extract for those selected bacteria. This 
finding was in accordance with previous research 
which had reported that the plant extracts using 
organic solvent exhibited more antibacterial activity 
compared to the extract using aqueous as a solvent 
(Parekh et al., 2005; Turkmen et al., 2006) while 
Basri et al. (2005) also documented on the potential of 
aqueous and acetone extracts of galls as antibacterial 
agents. Furthermore, this present study also showed 
that the extracts from the galls were active in both 
gram positive and gram negative bacteria which 
were contradictive with the previous study where 
they found that extracts from the galls were more 
active against gram positive bacteria rather than gram 
negative bacteria (Basri et al., 2005). This difference 
might be due to the differences bacteria used which are 
Streptococcus mutans and Streptococcus salivirus for 
gram positive bacteria and Porphyromonas gingivalis 
and Fusobacterium nucleatum for gram negative 
bacteria. In addition, the most interesting finding was 
that inhibition zone showed by all of the extracts was 
bigger compared to the positive control against E. 
coli. This suggests that E. coli was more susceptible 
to the extracts compared to the commercial antibiotics 
(streptomycin).

The antibacterial activity of the extracts might be 
due to the presence of gallic acid and tannic acid which 
are derivatives of tannin. Tannin is widely known as 

Figure 6. Gallic acid from 100% acetone extract of Q. 
infectoria

Figure 7. Gallic acid from 70% ethanol extract of Q. 
infectoria
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one of the phenolic compound that is easily dissolved 
in water, alcohol, and acetone and gives precipitate 
with protein (Leela and Satirapipathkul, 2011). The 
similarity of all solvents selected in the antimicrobial 
activity might be due to the high tannic acid and gallic 
acid concentration found in the extracts. Moreover, 
these bioactive compounds have reported to possess 
and can influence the antimicrobial activity of the 
biological plant (Ikram and Nowshad, 1977; Evans, 
1996; Wiart and Kumar, 2001, Leach, 1986; Moller 
et al., 2009). Other than that, Leach (1986) also 
supported this finding where they claimed that tannin 
in plant extracts was found to possess antimicrobial 
activity.

Conclusion

HPLC analysis has been identified and quantified 
the gallic acid and tannic acid in Q. infectoria 
(manjakani) galls extract. The strong antioxidant and 
antibacterial activities of Q. infectoria extracts are 
probably due to the bioactive compounds presence 
in the plants. However, different types of solvents 
do not give significant effect toward the free radicals 
scavenging and antibacterial activity.
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