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INTRODUCTION 
Edible herbal plants are of great potential to treat 
various communicable and non-communicable 
human diseases. These medicinal herb plants 
contain a mixture of bioactive compounds that 
has unique ability to trigger specific physiological 
reactions in human body.1 Bioactive compounds 
could be found in various parts of a plant including 
the root, bark, leaves, flowers, seeds, nuts, legumes 
and galls. However, to date, the biological contents 
of some traditional herb plants are yet to be 
elucidated to affirm their medicinal effects and safe 
dosage for consumption.

Detailed analysis of bioactive compounds in a 
particular herb plant requires specific extraction 
procedure which is highly depending on physico-
chemical factors such as extraction methodology, 
solvent types and polarity, as well as the chemical 
structure of targeted bioactive compounds.2 The 
quantity and quality of the end product from the 
extraction can be sensitively affected by any of 
these factors, therefore, optimization of extraction 
strategy is imperative to ensure herb extract with 
high degree of accuracy and consistency. In this 
study, the optimal extraction solvent and strategy 
to isolate tannin active compounds (particular-
ly the gallotannin) from a local medicinal plant 
known as Quercus infectoria (QI) was investigated. 

QI galls, also known as “buah Manjakani” in 
Malaysia, are excrescence formed on QI oak tree 
as a result of stimulus by Adleria gallae-tinctoriae 
gall-wasp egg deposition. These edible galls are one 
of the popular traditional remedies that have been 

widely used for centuries by old folks from Asian 
to treat inflamed and ulcerated skin.3 The paste of 
QI gall also is commonly used by local population 
as mouth antiseptic to control inflammation when 
directly apply on swelling area. Besides being applied 
externally, QI gall extract also can be consumed 
as herbal drink to regain the elasticity of uterine 
and vagina wall after childbirth.4 Furthermore, 
in medical setting, it has been reported to exhibit 
various benefits such as for antibacterial, antioxidant 
and anti-cancer5. These findings had aroused 
great interest among researchers to extend their 
investigation on the biological content of QI gall, so 
as in present study.

The main constituents found in QI gall are tannins 
(50%-70%) with a small amount of free gallic acid 
and ellagic acid.6 Furthermore, QI gall also is 
found to contain trace amount of beta-sitosterol, 
amenoflavone, hexamethyl ether, isocryptomerin, 
calcium oxalate, methyl oleanolate, as well as gum, 
sugar and essential oil.7 Being the most abundantly 
found active compound in QI gall, tannins are 
believed to play significant role in the bioactivities 
of the QI plant. Thus, the recovery of tannins 
compounds from QI is particularly of interest in this 
study.

Tannins are a group of polyphenols that are naturally 
found in a variety of edible plants, including tea8, 
most berries9 such as strawberries, cranberries, 
blueberries and in some grapes.10 Tannins in these 
plants serve as a natural defence mechanism against 
pest attack or microbial infections.11 Tannins also 
have been reported to exert other physiological 
effects, such as to accelerate blood clotting, reduce 
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Most tannins are polar molecules. Based on the law of similarity and 
intermiscibility (like dissolves like), a solute is more miscible in a solvent 
with similar polarity value. In other words, polar compound dissolves 
better in polar solvent whilst non-polar compound dissolves better 
in non-polar solvent. Therefore, it is imperative to use polar solvents 
based on tannin polarity value for optimum extraction efficiency from 
QI galls. Previous study had analysed the polarity of different types of 
solvents and listed a few common solvents from least to most polar 
as follow: hexane < chloroform < ethylacetate < acetone < methanol 
< water13. Therefore, in the present study, we employed extraction of 
tannins using highly polar water and methanol solvents. The water 
solvent was chosen as it mimics the traditional way of preparing herb 

Figure 1: Chemical structure of (a) gallotannin (also known as tannic acid) which is composed of (b) gallic acid units and (c) phlobatannin (also known as 
phlobaphene) which is composed of (d) flavan-3-ol nucleic.

blood pressure, decrease the serum lipid level, produce liver necrosis, 
modulate immunoresponses and exhibit high antioxidant potential.12 
Plant tannins can be subdivided into two groups: hydrolysable tannins 
and non-hydrolysable tannins (or term condensed tannins). The most 
common hydrolysable tannin is gallotannin which is also known 
as tannic acid (Figure 1a). It consisted of a central glucose molecule 
esterified by gallic acid units (Figure 1b). On the other hand, condensed 
tannins are not hydrolysable. One of the most common condensed 
tannin is phlobatannin which is also known as phlobaphene (Figure 
1c). It is oligomer or polymer composed of flavan-3-ol nucleic (Figure 
1d). The presence of these two major types tannins (gallotannin and 
phlobatannin) in QI galls were evaluated and compared in this study.
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drinks while the methanol solvent was chosen because it has been 
generally found to be efficient in extracting lower molecular weight 
polyphenols. To date, there is still no study to compare the solubility of 
phenol, tannin, gallotannin and phlobatannin from QI galls using water 
and methanol solvents, as well as the effects on QI gall bioactivity. Thus, 
based on this background, the aim of this study was set to compare the 
extraction efficiency, phytochemical constituents, total tannins content 
and antioxidant properties exerted by these two different solvents to 
determine the optimum extraction method for QI galls. 

MATERIALS AND METHODS 

Plant material authentication
QI galls were purchased from Chinese medicine store in Kelantan, 
Malaysia. The source and identity of the QI galls were verified by 
a qualified Traditional Chinese Medicine practitioner in the store. 
For further scientific verification, the plant material was sent to 
International Islamic University Malaysia (IIUM) Herbarium Centre, 
Pahang, Malaysia and the verified voucher specimens (PIIUM 0229-2) 
was deposited in the IIUM Herbarium Centre (Supplementary material 
1). The plant material was kept in dry storage area at room temperature 
with good ventilation to control humidity and prevent the growth of 
fungus until usage.

Extraction of plant material
Extraction from QI gall powder was performed using methanol and 
water solvents, respectively, based on previous publication with slight 
modifications.14

(i)	Methanol Extraction

50 g QI gall powder was weighed and placed in a medium-sized 
thimble. The thimble was put in a soxhlet extractor added with 450 
ml of absolute methanol (Sigma, USA). Extraction was carried out 
at methanol boiling point (~64°C) for 6 hours. The solution was 
concentrated using rotary evaporator at 50°C. Then the gel like paste 
was further air dried into powder form in a fume hood and the yield of 
dried extract was calculated using the following equation:

(ii)	 Aqueous Extraction

50 g QI gall powder was weighed and placed in a medium-sized thimble. 
The thimble was put in a soxhlet extractor added with 450 ml of distilled 
water. Extraction was carried out at water boiling point (~100°C) for 6 
hours. The aqueous extract was subjected to rotary evaporator (Buchi 
AG, Flavil, Switzerland) at 50°C to remove excess water content and 
then freeze-dried into powder form. Then, the yield of extracted sample 
was calculated using the equation as stated in earlier section.

Phytochemical analysis of QI methanol and aqueous 
extracts
Phytochemical analysis tests were performed based on previously 
described method15 with slight modifications to detect the presence of 
several important active compounds in both QI extracts. 

(i)	 Detection of phenol compound

Ferric chloride test was performed to detect the presence of phenol in 
both QI extracts. 0.1 g of extract sample was mixed with 1 ml of distilled 
water. The mixture was immersed into a beaker half full with boiling 
distilled water until all the extract powder completely dissolved. Then, 
the solution was filtered using polyethersulfone (PES) membrane filter 
(Bioflow, Malaysia). 0.4 ml of 1% Ferum III Chloride (FeCl3) was added 
to the filtered mixture. The formation of green to blue-black solution 

indicated the presence of phenol. The darker the colour indicated the 
higher the phenol content in solution. 

(ii)	 Detection of tannins compound

Gelatin test was performed to detect the presence of all types of tannins 
in general in both QI extracts. 0.1 g of the QI extract powder was mixed 
with 1 ml of distilled water. Then, 2 ml of 1% gelatin solution (w/v) 
were added in the mixture. White precipitation indicated the presence 
of tannins. 

(iii)	Detection of gallotannin compound 

To detect hydrolysable tannin (gallotannin or also known as tannic 
acid), 0.1 g QI extract powder was added with 1 ml of 5% FeCl3 and 
stirred well. Formation of blue-green shading solution indicated the 
presence of gallotannin. The darker the colour indicated the higher the 
gallotannin content in sample. 

(iv)	Detection of phlobatannin compound

To detect non-hydrolysable tannin (phlobatannin), 0.1 g of QI extract 
powder was dissolved thoroughly with 1 ml of distilled water in a test 
tube. Then 1 ml of 1% hydrochloric acid (HCl) was added to the test 
tube. Then, the test tube was immersed into a beaker half full with 
boiling distilled water until red precipitate was observed to confirm the 
presence of phlobatannin. 

(v)	 Detection of alkaloid compound

0.1 g of QI extract powder were added to 1 ml of 1% HCl in a test tube. 
Then, the test tube was immersed into a beaker half full with boiling 
distilled water until all the extract powder completely dissolved. The 
solution was filtered using PES membrane. A few drops of Dragendorff’s 
reagent (Sigma, USA) were added into the filtered mixture and mixed 
until precipitation was observed to confirm the presence of alkaloid. 

(vi)	Detection of flavonoid compound

0.1 g of QI extract powder was mixed with 1 ml absolute ethanol 
(Sigma, USA). The mixture was warmed at 50°C and filtered using PES 
membrane filter. 1 ml of 1% potassium hydroxide (KOH) was carefully 
dropped into the mixture. The formation of dark yellow solution 
indicated the presence of flavonoid in extraction samples. The darker 
the colour indicated the higher the flavonoid content in solution.

(vii)	Detection of saponin compound 

0.1 g of QI extract powder was dissolved with 1 ml of distilled water. 
The mixture was vigorously shaken and observed for stable persistent 
froth. The froth from mixture was mixed with a few drops of olive oil. 
The appearance of emulsion was observed and recorded. Absence of 
froth and emulsion formation indicated absence of saponin compound. 

(viii)	 Detection of terpenoids compound 

0.1 g of QI extract powder was dissolved in 1 ml distilled water. The 
mixture was stirred well and filtered using PES filter membrane. The 
filtered mixture was mixed with 0.4 ml chloroform (CHCl₃) and 0.6 
ml of concentrated sulfuric acid (H2SO4). Formation of reddish-brown 
layer interface indicated the presence of terpenoids.

(ix)	Detection of quinines compound 

0.1 g of QI extract powder was dissolved in 1 ml distilled water. 1 ml 
of concentrated HCl was added and the mixture was incubated at 
room temperature for a minute. Yellow precipitation formation at the 
bottom of solution indicated the presence of quinines.

(x)	 Detection of triterpene compound

1 ml of anhydrous acetic acid (CH₃COOH) was mixed with 0.5 mg QI 
extract powder. The mixture was warmed at 50°C for a minute and the 
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mixture was let cool to room temperature. 1 ml of concentrated H2SO4 
was added and the formation red-brown ring between two layers 
indicated the presence of triterpene in samples. The wider the ring, the 
higher the triterpene content.

(xi)	Detection of cardiac glycosides compound 

To detect the presence of cardiac glycosides in an extract solution, 
Keller-Killiani Test was performed. 0.1 g of QI extract powder was 
dissolved in 1 ml distilled water. 0.4 ml of glacial CH₃COOH and few 
drops of 5% FeCl3 were added into the extract mixture followed by 0.5 
ml of concentrated H2SO4. The formation of brown ring confirmed the 
presence of cardiac glycosides. The wider the ring indicated the higher 
the cardiac glycosides content. 

Qualification of gallotannin using thin-layer chromatog-
raphy (TLC)
TLC separation was performed using aluminum sheets coated with 
silica gel 60 F254 (Merck Kga A, Darmstadt, Germany). 1 mg/ml 
QI extracts were prepared and spotted on the TLC plate. 1 mg/ml of 
synthetic gallotannin (Sigma, USA. Cat. No.: T0200) also was spotted 
on the same TLC plate as a positive control. The spotted TLC was 
let dried and put into a developing chamber added with chloroform: 
methanol: water (12:4:0.1). The TLC plate was removed once the solvent 
of the developing chamber almost reached the top of plate. Then, the plate 
was immediately viewed under short length wavelength ultraviolet (UV) 
light (254 nm) and long-wavelength UV light (365 nm). The presence of 
bands on spotted TLC plate were observed and recorded. 

Quantification of gallotannin using high-performance 
liquid chromatography (HPLC)
The concentration of gallotannin active compound in both extracts 
were analysed using HPLC. 1 µg of QI extracts were dissolved in 1 ml 
of methanol. Then the mixture was filtered using 0.2 µm nylon filter 
membrane and injected into the HPLC system. The samples were 
analysed using Nexera XR LC -20 AD XR Compact LC System and 
consisted of SPD-M20A Photodiode Array Detectors, Prominence SIL-
20A/AC Auto samplers, CBM-20A Communication Bus Module and 
Prominence CTO-20A Column oven. A Shim-pack GIST C18 HPLC 
Packed column of 250 x 4.6 mm, 5 µm (Shimadzu, Japan) maintained 
at 35°C was used as separation column. Elution was carried out with 
1% acetic acid (solvent A) - methanol (solvent B) gradient: started 
with 95% solvent A and ended with 5% solvent B. The gradient solvent 
was pumped sequentially at flow rate of 1 ml/min and the column 
temperature was always maintained at ambient temperature. Synthetic 
gallotannin at gradient concentrations were used as standard marker 
in this assay. Finally, peak was identified at 280 nm and full UV spectra 
were recorded from 200 to 364 nm. By using the calibration curve 
obtained from the standard marker, the concentration of gallotannin 
content in QI extract samples were determined. 

Determination of antioxidant activity using DPPH free 
radical scavenging assay
DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) assay was performed 
according to previously described method16 with slight modifications. 
Both QI extracts and synthetic gallotannin (positive control) were 
serially diluted with methanol to 2, 4, 6, 8, 10 µg/ml, respectively. The 
diluted samples were added with 100 µl of 0.1 mM DPPH and incubated 
in dark at room temperature for 30 minutes. DPPH free radical was 
reduced in the presence of antioxidant molecule, changing color from 
purple to yellow. The optical density (OD) of samples were determined 
at 517 nm. The free radical scavenging activity of the QI extracts were 
calculated using the following formula:

RESULTS

Yield of crude extracts 
From 50 g of QI galls powder, 16.98 g (34.0%) of crude extract powder 
was generated from methanol extraction, while only 9.45 g (18.9%) 
crude extract powder was obtained from aqueous extraction. 

Phytochemical analysis 

Several phytochemical tests had been performed to comprehensively 
determine the presence of important bioactive compounds in both 
QI gall methanol and aqueous crude extracts. Observation and results 
for each test are recorded in Table 1. Based on the result obtained, 
we found that both QI gall methanol and aqueous extracts contained 
phenol and tannin. However, the major type of tannin presence in 
QI galls was gallotannin (hydrolysable tannin - presence) instead of 
phlobatannin (non-hydrolysable/condensed tannin – absence). To our 
knowledge, this is the first study reporting the solubility differences 
between hydrolysable and non-hydrolysable tannins in methanol and 
aqueous solvents, respectively. Based on this preliminary screening 
result, we focused on investigating the recovery of gallotannin (or also 
known as tannic acid) in all subsequent tests in this study. 

Furthermore, it was also worth noting that the phytochemical 
constituents extracted using methanol and aqueous solvents were 
very much different. Methanol extract was found richer in flavonoid, 
while aqueous extract was found richer in phenol, tannin, gallotannin, 
triterpene and cardiac glycosides. Also, saponin, terpenoid and quinine 
only were found in aqueous extract, but absence in methanol extract. 
The similarity of both extracts was that both extracts were found absence 
of phlobatannin and alkaloid. These findings provide preliminary data 
for researcher to select solvent of choice based on their compound of 
interest. 

TLC and HPLC determination of gallotannin
Crude extracts from methanol and aqueous extraction were loaded on 
TLC plate for the detection of tannin. Considering only gallotannin 
was found in the QI extracts, thus we focused on detecting gallotannin 
in the test. Based on the TLC result obtained under 254 nm ultraviolet 
light, gallotannin was observed in both crude extracts where the bands 
with the same retention factor (Rf) value as the standard gallotannin 
sample appeared (Figure 2, indicated by the red box). Besides, two 
additional bands which indicated unknown compounds were also 
found in the methanol crude extracts (Figure 2, indicated by the yellow 
box). 

In order to verify the TLC results, HPLC test was performed. As 
expected, HPLC result confirmed the presence of gallotannin in 
both QI methanol and aqueous extracts as both the extracts showed 
the presence of elution peak identical to the standard gallotannin 
sample elution peak at retention time 2.85 min (Figure 3). There was 
an unknown prominent peak appeared before the gallotannin peak. 
It could be due to the oxidation of samples during the test process. 
In addition, the presence of an additional unknown compound was 
also detected in crude methanol extract at retention time of 3.12 min. 
However, this additional compound was not detected in crude aqueous 
extract. To quantify gallotannin concentration in samples, a serial 
diluted standard gallotannin was used to plot a standard calibration 
curve. Based on the standard curve analysis, QI aqueous solvent yielded 
significant higher gallotannin content (75.0 µg/ml) compared to QI 
methanol solvent (46.8 µg/ml).
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Phytochemical tests Observations

1. Phenol
Methanol extract +
Aqueous extract ++

2. Tannin
Methanol extract +
Aqueous extract ++

3. Gallotannin
Methanol extract +
Aqueous extract ++

4. Phlobatannin
Methanol extract -
Aqueous extract -

5. Alkaloid
Methanol extract -
Aqueous extract -

6. Flavonoid
Methanol extract ++
Aqueous extract +

7. Saponin
Methanol extract -
Aqueous extract +

8. Terpenoid
Methanol extract -
Aqueous extract +

9. Quinine
Methanol extract -
Aqueous extract +

10. Tritepene
Methanol extract +
Aqueous extract ++

11. Cardiac glycosides
Methanol extract ++
Aqueous extract +

Table 1: Summary of all relative qualitative phytochemical analysis test 
results for QI gall methanol and aqueous crude extracts. (- indicates 
negative result; + indicates positive result; ++ indicates stronger 
positive result).

Free Radical Scavenging Activity 
To determine the effectiveness of crude extract from methanol 
and aqueous extraction as an antioxidant agent, DPPH assay was 
performed. It was found that, from the lowest concentration (2 µg/
ml) to the highest concentration (10 µg/ml), both QI aqueous and 
methanol extracts successfully showed high anti-oxidant activities 
which were comparable to the synthetic gallotannin compound anti-
oxidant activity (Figure 4). This indicated that gallotannin compound 
extracted from QI was highly effective as an anti-oxidant agent. The 
QI aqueous extract showed significant higher anti-oxidant potential 
as compared to the synthetic gallotannin compound (1.5-fold) and 
QI methanol extract (1.2-fold) at 2 µg/ml, indicating that aqueous 
solvent was more efficient in generating extract with high anti-oxidant 
potential as compared to methanol solvent and even the synthetic pure 
gallotannin compound. 

DISCUSSION 

Effects of different solvents on extraction yield 
In the present study, the biological content and anti-oxidant property 
of a local medicinal plant known as QI gall was investigated. Extraction 
is the crucial first step in the analysis of biological content in medicinal 
plants. There are many factors that play a critical role in the successful 
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Figure 3: HPLC Chromatogram of (A) synthetic gallotannin as positive control and (B) QI methanol crude extract and (C) QI aqueous crude extract. Each 
sample was injected at an equal amount of 1 ul/min. The presence of gallotannin was observed in both QI extracts at retention time 2.85 min (as indicated 
by blue arrows). The presence of an additional unknown compound was also detected in crude methanol extract at retention time of 3.12 min (as indicated 
by red arrow). The unknown prominent peak appeared before the gallotannin peak could be the oxidation of samples during process of samples (as 
indicated by black arrows).

Figure 2: TLC analysis of QI extracts using short-wavelength 254 nm of ultraviolet light. Lane 1: synthetic gallotannin (standard marker), Lane 2: QI methanol 
crude extract, and Lane 3: QI aqueous crude extract. Each sample was loaded with the same equal concentration of 1 mg/ml. As compared to the standard 
marker, gallotannin was confirmed present in both methanol and aqueous crude extracts (indicated by the red box). Two unknown compounds were also 
found in methanol crude extracts (indicated by the yellow box). 
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extraction of desired compounds from plant materials. Among them, 
the choice of solvent is the most significant factor. This is because, 
during the extraction procedure, the solvent would diffuse into the solid 
plant tissue and solubilize the compounds to extract them. Without a 
good solvent with low toxicity and high efficiency, the extraction of 
compound would not be possible. In order to extract different active 
compounds from QI galls with a high degree of efficacy and accuracy, 
solvents with different polarities were used and compared in this study. 
We found that methanol solvent generated significant higher yield of 
crude extract powder compared to water solvent. The result of this 
study is in agreement with the extraction yields of some medicinal 
17 and ethnoveterinary plants18 reported in previous studies. These 
findings are not surprising, given that most of the active components 
in plant are saturated organic molecules which are non-polar. Thus, 
methanol being a less polar solvent than water could be more effective 
in extracting higher yield of non-polar biological compounds from 
plant material. This data also was supported by our TLC result which 
showed extra components with larger Rf value (which indicated non-
polarity) detected in the QI methanol extract.

Nonetheless, being more doesn’t always mean the merrier. In order 
to better understand the effect of solvents on extraction yield, further 
phytochemical analysis was performed to determine the content of 
bioactive compounds in the extract. In accordance with the different 
extraction yields, the content of bioactive compounds also was found 
varied amongst the extracts. Methanol extract was found richer 
in flavonoid, while aqueous extract was found richer in phenol, 
tannin, gallotannin, triterpene and cardiac glycosides. Further, the 
observed differences between the two extracts was the absence of 
saponin, terpenoid and quinine in the methanol extract. These three 
active compounds only were found in the aqueous extract. This can 
be attributable to the different solubility of these compounds in the 
solvents tested. According to Ghasemzadeh et al., the selection of 
solvent system largely depends on the specific nature of the bioactive 
compound being targeted19. Different solvent systems are available 
to extract different bioactive compound from natural products. For 
instance, many flavonoids dissolve poorly in water but readily dissolve 
in organic solvents, such as methanol, diethyl ether, chloroform or 
1,2-dichloroethan.17 This is in agreement with the result presented 

in study in which flavonoid was found richer in methanol extract as 
compared to aqueous extract. Therefore, it is imperative to perform 
extraction solvent and phytochemical screening prior to any natural 
product isolation procedure to ensure optimum quality and quantity 
of desired extract.

Identification and quantification of tannin 
On the other hand, phenol was found richer in aqueous extract 
compared to methanol extract based on phytochemical screening 
observation in present study. Phenol is a family of the most abundantly 
found secondary metabolites in plants. It is broadly distributed in 
the plant kingdom and has drawn increasing attention due to their 
potent antioxidant properties and medicinal effects in preventing 
various oxidative stress associated diseases such as cancer.20 There are 
many types of phenols, and tannin is one of the well-known phenolic 
compound presents in QI galls. We further confirmed the major types 
of tannin found in QI galls was hydrolysable gallotannin instead of 
non-hydrolysable phlobatannin. Hydrolysable and non-hydrolysable 
tannins are different structurally in which the former are richly 
hydroxlyated oligomers of gallic acid while the latter are polymers rich 
in flavan-3-ols such as catechin.21 Functionally, both types of tannins 
also shows differences in the aspect of anti-cancer, anti-inflammatory, 
anti-microbial and cardiovascular protection.22 Thus, the findings 
presented in this study provided an important insight to be considered 
during the future exploitation of QI galls for medical usage.

In order to verify the preliminary phytochemical screening results, 
further identification and quantification of gallotannin compound 
were performed in this study using TLC and HPLC techniques. TLC 
is a procedure to identify different components in a mixture based 
on the Rf value, while HPLC is a more robust technique to quantify 
a particular component in a mixture based on the retention time 
and elution peak width. We had successfully identified gallotannin 
compound in both QI extracts in present study and confirmed that the 
gallotannin concentration was significantly higher in aqueous extract 
as compared to methanol extract. This indicated that aqueous solvent is 
more efficient to extract the desired gallotannin compound despite the 
overall yield percentage was lower than methanol solvent. For the basis 
of traditional uses, water solvent is commonly used to mimic as closely 

Figure 4: Free radical scavenging activity of QI aqueous extract, QI methanol extract and gallotannin 
standard. *p < 0.05 vs. QI aqueous extract. 
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as possible the process by which traditional herbal drug is prepared 
by the traditional healer. Moreover, considering the potential hazards 
of organic solvents, water is considered much safer than methanol for 
human consumption. Therefore, this study strongly recommends to 
use aqueous solvent for recovery of tannin, particularly the gallotannin 
compound from QI galls.

Anti-oxidant activities of QI extracts
The choice of solvent for extraction is crucial for the overall success of 
natural product isolation. Besides choosing the solvent type which can 
yield higher percentage of desired compound, considerations must be 
taken to assure that the biological activities of plant constituents are 
not lost, distorted or destroyed during the preparation of the extract 
from the plant materials using the selected solvent. In this study, 
DPPH radical scavenging assay was used to evaluate and compare 
the antioxidant potential of QI gall aqueous and methanol extract, 
respectively. The basic concept of free radical scavenging activity is the 
ability of an antioxidant agent to donate electron to a free radical and 
produce a more stable and thus less harmful radical structure. Among 
the extracts tested, the aqueous extract was the most potent agent in 
DPPH scavenging activity. This could be due to the higher level of 
phenolic gallotannin compounds with powerful antioxidant activity 
in this extract.23 Remarkably, the aqueous extract of QI also exhibited 
a 1.5-fold higher DPPH scavenging activity than the synthetic pure 
gallotannin compound. Although the full characterization profile 
of QI aqueous extract is yet to be elucidated, we proposed that the 
observed effect is probably due to the synergistic effects of other active 
compounds present in the QI aqueous extract such as triterpene, 
cardiac glycosides saponin, terpenoid and quinine. These organic 
active compounds presence in the QI aqueous extract may aid in the 
DPPH scavenging activity, making QI aqueous extract a better anti-
oxidant agent as compared to the single pure gallotannin compound. 

CONCLUSION
This study determine the optimal extraction solvent to extract tannin 
compound from a natural medicinal plant, QI galls. As suggested by 
the strong correlation between the antioxidant activity and phenolic 
content, the antioxidant capacity of the QI extracts can be mainly 
attributed to the presence of tannin, particularly the gallotannin active 
compound found in the QI galls. This study revealed QI aqueous solvent 
yielded significant higher gallotannin content compared to QI methanol 
solvent. Besides, the QI aqueous extract also showed significant higher 
anti-oxidant potential as compared to the QI methanol extract. 
Taken together, these data indicated that water is a better solvent for 
extraction of QI galls with improved gallotannin yield and enhanced 
antioxidant activity. Moreover, considering water boiling is also a non-
toxic traditional approach for herb drink preparation, therefore, this 
study strongly support the utilization of water solvent for optimum 
gallotannin extraction from QI galls in future study. 
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