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Abstract: In this study, tannins were extracted by two methods (soaking and Soxhlet) with three different solvents (water,
methanol and aqueous methanol 50%) and the three kind plant (walnut shell, gall oak and walnut leaves), that the highest
extraction efficiency (82.08%) was related to extraction with aqueous methanol by Soxhlet method from the oak galls. Although
the results of soaking were nearly to the Soxhlet. One oak Gall extract was evaluated by Lowenthal method that the result was
showed that reducing materials such as tannins are 26.14%. The extracted was evaluated by Folin-Ciocalteu method that suggests
phenolic compounds in the extract was 15.27, (61.07 ± 7.12 mg compared to gallic acid). Result of evaluation of antioxidant
activity of the extracted showed the high antioxidant properties of tannins compared to ascorbic acid at less than 100 ppm
concentrations, but these properties comparable to ascorbic acid of the higher concentrations, so a lower dose of the extract was
may be helpful. The chelation properties of the iron ions at low concentrations of iron (III), oak was showed better performance
compared to Deferoxamine but Deferoxamine due to complex formation with higher stoichiometry (1: 6) at high concentrations
of Fe (III), has performed better than the oak.
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1. Introduction
Tannins are high molecular weight polyphenolics found in
higher plants including many plants used as foods and feed
[1]. Tannins ingested with the diet by humans or animals
may affect protein utilization by forming insoluble
complexes with protein, iron utilization by complexion with
iron, and biological anti-oxidant status by participating in
redox reactions [2]. Tannins may contribute to the chemical
defenses that minimize damage to plants by insect and
mammalian herbivores [3]. Their importance in nutrition and
in ecological processes makes qualitative and quantitative
analysis of tannins critical to studies of plant nutritional
quality and plant ecology [4]. In addition tannins are an
antioxidant. Antioxidants may be defined as compounds that
inhibit or delay the oxidation of other molecules by

inhibiting the initiation or propagation of oxidizing chain
reactions. Antioxidants can also protect the human body
from free radicals and reactive oxygen species (ROS) effects
[5]. At the present time, the most commonly used
antioxidants are butylated hydroxyanisole (BHA), butylated
hydroxytoluene (BHT), propyl gallate (PG) and tert butyl
hydroquinone (TBHQ). Their safety of these antioxidants has
recently been questioned due to toxicity [6]. Besides that
BHA and BHT have suspected of being responsible for liver
damage and carcinogenesis [7, 8] Also, BHT had little effect
on mutagenicity at low concentrations, but significantly
increased their mutagenicity at high concentrations [9]. It
was reported that BHT may cause internal and external
hemorrhaging at high dose that is severe enough to cause
death in some strains of mice and guinea-pigs [10].
Therefore, there is a growing interest on natural and safer
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antioxidants [11-13].
Food antioxidants such as a-tocopherol, ascorbic acid, [14]
carotenoids, amino acids, peptides, proteins, flavonoids and
other phenolic compounds might also play a significant role
as physiological and dietary antioxidants, thereby
augmenting the body’s natural resistance to oxidative
damage [15]. Development of safer natural antioxidants from
extracts of oilseeds, spices and other plant materials that can
replace synthetic antioxidants has been of interest [16].
Additionally, there has also been interest in preserving
endogenous antioxidants in food products both for
stabilization and for nutritional purposes [17]. Natural
antioxidants are known to exhibit a wide range of biological
effects including antibacterial, antiviral, anti-inflammatory,
ant allergic, antithrombotic and vasodilators activities. In fact,
a fundamental property important for life is the antioxidant
activity and this property may give rise to anti
carcinogenicity, anti-mutagenicity and antiaging activity,
among others [18]. The antioxidant activity of phenolic
compounds is mainly attributed to their redox properties,
which allow them to act as reducing agents, hydrogen donors
and quenchers of singlet oxygen. In addition, they may also
possess metal chelation properties [19]. Phenolic acids are
secondary metabolites widely distributed in the plant
kingdom and are second only to flavonoids in terms of their
dominance, suggesting that naturally occurring. Tannic acid
is a plant polyphenol which is found, along with other
condensed tannins, in several beverages including red wine,
beer, coffee, black tea, green tea, and many foodstuffs such
as grapes, pears, bananas, sorghum, black-eyed peas, lentils
and chocolate [20]. Similar to many polyphenols, tannic acid
has been shown to possess antioxidant [21-24],
anti-mutagenic [22, 25, 26] and anti-carcinogenic properties
[27-30]. The antioxidant mechanism of tannic acid is still far
from being fully understood; therefore, it requires further
investigation. For example, in the presence of copper ions,
tannic acid acts either as a prooxidant, promoting DNA
damage [29], or as an antioxidant, suppressing hydroxyl
radical formation [22, 31, 32].
Iron is required for a number of essential enzyme systems
operative in the erythrocytic trophozoite, including
dihydroorotate dehydrogenase for the synthesis of
pyrimidine [33, 34], phosphoenol pyruvate carboxykinase in
CO2, fixation, [35-37] and cytochrome oxidase of the
mitochondrial electron transport system [36].
Two common inhibitors of Fe absorption are tannins and
phytate. These components form complexes with Fe within
the lumen, reducing Fe bioavailability. Fe2+ is more
bioavailable than Fe3+ because it is more soluble at
physiological pHs and because it has a lower affinity for
ligands that may inhibit absorption [38]. Presumably, Fe
binds to the adjacent hydroxyls on the galloyl group in the
tannins. The galloyl group has been implicated as the
structure responsible for the inhibition of Fe absorption by
phenolic compounds in foods [39]. The Fe-galloyl complex
forms a violet color with an absorbance maximum at
approximately 550 nm [40]. In other hand Deferoxamine B,

a naturally occurring trihydroxamic acid derived from
cultures of Streptomyces pilosus, is the only drug currently
available for clinical use as an iron chelator. A generally safe
and nontoxic agent, it must be administered by continuous
parenteral infusion to be effective; daily doses of up to 150
mg/kg are used for therapy of iron overload [41, 42].
This study is aimed to investigate the antioxidant
properties of tannin's Oak gall and then iron chelating
properties of tannins extracted compared with Deferoxamine
B.

2. Material and Methods
2.1. Chemicals
The stable free radical 1,1-diphenyl-2-picryl-hydrazyl
(DPPH), ascorbic acid, ammonium molybdate, folin and
ciocalteu reagent and gallic acid were obtained from Sigma
(Sigma– Aldrich, St. Louis, Missouri, USA). Methanol,
sulfuric acid and trisodium phosphate dodecahydrate, indigo
carmine, potassium permanganate were purchased from Merck
(Darmstadt Germany). Tannic acid, ethanol, sodium hydroxide,
ferric ammonium sulfate dodecahydrate and sodium carbonate
were purchased from Fluka (Buchs, Switzerland). All other
chemicals used were in analytical grade and obtained from
Sigma–Aldrich, Fluka or Merck. The drug of deferoxamine B
was prepared from the pharmaceutical company of the Jabir Ibn
Haiyan (Tehran, Iran).
2.2. Tannin Extraction Method
The Oak gall were purchased from local market and
washed with distilled water at room temperature. They are
converted into powder after to dry in the air. Five grams of
powdered were extracted with 90 mL of water: methanol (1:1)
as extract solvent by using the Soxhlet apparatus for 6 hours.
Then the solvent was evaporated with a rotavapor apparatus at
60°C and a reduced pressure of 10 mm Hg.
2.3. Assay of Total Phenolic Content
2.3.1. Determination of Tannins Using Lowenthal Method
This method used to reduce the tannins feature that is
performed by titration with permanganate of known normality.
It is used Indigo carmine to determine the end point that the
solution changed color from blue to yellow in the end point of
the titration [55]. Tannin content (T %) in the sample is
calculated according to the following equation:
T % =

V-V0 ×N× 0.004157 × VE × 100
g × 2.5

Where V is the volume of aqueous solution of permanganate
for titration of the sample and V0 is the volume of aqueous
solution of permanganate for titration of the blank that unit is
mL, N is the normality of the number of potassium
permanganate, 4.157 × 10-3 is equivalent gram of the tannins in
1 mL of aqueous solution of permanganate, VE is the total
volume of the solution was extracted during the extraction
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process in mL, g is the mass of the sample in gram. 2.5 volume
of extracted for titration is mL. Add 2.5 mL of the deionized
water was added to 100 mL volumetric flask. Then was added
2.5 mL of Indigo carmine solution and thereafter added 75 mL
deionized water into the flask. Then the aqueous solution of
potassium permanganate [0.1N] used for titration until the color
of the solution change from blue to green. Then a few drops
titrant is added until the solution color shift to golden yellow.
2.3.2. Determination of Total Phenolic Content Using Folin
and Denis Method
The amount of total phenolic in extracts was determined
with the Folin-Ciocalteu reagent. Gallic acid was used as a
standard and the total phenolic were expressed as mg/g gallic
acid equivalents (GAE). The standard solution concentration
of 0.01, 0.02, 0.03, 0.04 and 0.05 mg/ml of gallic acid were
prepared in methanol. The standard solution concentration of
0.1 and 1mg/ml of plant extract were also prepared in
methanol and 0.5ml of each sample were introduced into test
tubes and mixed with 2.5ml of a 10 fold dilute FolinCiocalteu reagent and 2ml of 7.5% sodium carbonate. The
tubes were covered with parafilm and allowed to stand for
120 minutes at room temperature before the absorbance was
read at 760nm. All determinations were performed in
triplicate. The Folin-Ciocalteu reagent being sensitive to
reducing compounds including polyphenols is producing a
blue color upon reaction which is measured
spectrophotometrically
2.4. Investigate of the Antioxidant Properties of Tannins
2.4.1. DPPH Radical Scavenging Assay
The free radical scavenging activity of the fractions was
measured in vitro by 1,1 diphenyl-2-picrylhydrazyl (DPPH)
assay.
About 0.3 mM solution of DPPH in 100% ethanol was
prepared and 1 ml of this solution was added to 3 ml of the
fraction dissolved in ethanol at different concentrations
(25-400 µg/ml). The mixture was shaken and allowed to
stand at room temperature for 30 min and the absorbance
was measured 517 nm using a spectrophotometer. The
percentage of scavenging activity at different concentrations
was determined and the IC50 value of the fractions was
compared with that of ascorbic acid, which was used as the
standard. Decreasing of the DPPH solution absorbance
indicates an increase of the DPPH radical scavenging activity.
DPPH radical-scavenging activity was calculated according
to the following equation:
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i. Preparation of Molybdate Reagent Solution
1ml each of 0.6 M sulfuric acid, 28 mM sodium phosphate
and 4mM ammonium molybdate were added in 20 ml of
distilled water and made up volume to 50 ml by adding
distilled water
ii. Procedure
Hydro alcoholic extract of Oak gall in different
concentration ranging from 100 µl to 500 µl were added to
each test tube individually containing 3 ml of distilled water
and 1 ml of Molybdate reagent solution. These tubes were
kept incubated at 95ºC for 90 min. After incubation, these
tubes were normalized to room temperature for 20-30 min
and the absorbance of the reaction mixture was measured at
695 nm. Mean values from three independent samples were
calculated for each extract. Ascorbic acid was used as
positive reference standard.
2.5. Investigate of the Complexation Effect of Tannins with
Iron
2.5.1. Determination of Maximum Wavelength of Complex
This procedure is performed in the pH range of human
body (7.35 to 7.45). Previous research suggests because
increases of the deprotonation of the ligand, the increase in
alkaline pH, thereby increasing the efficiency of the
chelating. Two series solution of complex is provided to
determine the maximum wavelength of the ligand: metal. In
the first series of ligands to the metal, ligand concentration is
considered high and low for the second series.
The first series is to preparation that added 10 mL of
deionized water in a beaker of 100 ml and then added 40 ml
ligand and 10 ml Fe (III) to it. In the second series also entered
10 ml of deionized water and 10 ml ligand and then 40 ml iron
(III) in 100 mL of beaker. Then the pHs of solution is adjusted
in the human pH range by 0.1 N NaOH. Since the solutions
are colored, it absorption is being obtained by scanning
spectrophotometer in the range of 400 to 800 nm.
2.5.2. Determination of Mole Ratio of Ligand to Metal
This method is used to evaluate the stoichiometry of the
metal-ligand complex. In the first case (taking high ligand
concentration) metal was kept constant while ligand was
gradually increase. Then its pH adjusted with NaOH 0.1N.
Absorbance was recorded on spectrophotometer on the
observed maximum wavelength. Same procedure was
repeated for the second case [taking low ligand concentration]
in which ligand remained constant while metal was increased.
In this method used of the tannic acid to the standard.

% Inhibition = ((A0 – A1)/A0 × 100)
Where A0 was the absorbance of the control (without
extract) and A1 was the absorbance in the presence of the
extract.
2.4.2. Total Antioxidant Activity Assay
Total antioxidant activity was estimated by phosphormolybdenum assay.

3. Result & Discussion
3.1. Figure [SciencePG-Level2-Single-line]
In this study, extraction method was to use of the Soxhlet
apparatus that efficiency of the extraction was 82.1%. Tannin
content is determined by Lowenthal method that accordingly,
tannin percent is 26.1%. As well as IR spectrum of the sample
can be seen in “Figure 1”.
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Figure 1. Tannin IR spectrum of the extracted from Oak gall.

According of Fig.1, the strong absorption spectrum has
two peaks [at least] in 3803.87 cm-1 and 1203.33cm-1 which
is the frequency of stretching [OH] and [CO] respectively.
Strong absorption at 3403.87 cm-1 of the hydroxyl group
[OH] is esterified and broad peak. The esterification
carbonyl group [C = O] band is in the range of 1750-1730
cm-1, but due to strong resonance bond with the aromatic
ring, this has appeared in the shorter wavelength range
[1704.42 cm-1]. In addition, the ester group [C=O] is a

frequently observed in 1300 cm-1 to 1000 cm-1 that this group
appeared in the 1211.08 cm-1 to 1035.37 cm-1. Methyl group
[CH3] will appeared at approximately 1450 – 1375 cm-1
which appears in the range of the 1449.79 cm-1 to 1350.77
cm-1. Aromatic groups will appear in the range of
approximately 3000 cm-1 which they are combined with a
hydroxyl group and not detected but aromatic rings
stretching band [C-C] can be seen in 1618.31 cm-1.

Figure 2. Standard addition curve for the determination of total phenolic content [Folin & Ciocalteu method].

Standard addition curve used for the determination of total
phenolic content (Folin & Ciocalteu method) were prepared
using different concentrations of Gallic acid equivalent
(GAE) as shown in Figure 2. According to “Figure 2”, the
following equation is obtained:
y = 0.0910 x+ 0.1710 [R2=0.9938]

From above the equation, the concentration of phenolic
compounds in oak methanol extract obtained is 61.1±7.1 mg
of GAE/gm of extract.
In the determination of antioxidant activity of the phenolic
extract of Oak gall, capacity of total antioxidant extract
compared with Ascorbic acid as standard is showed in the
“Figure 3”.
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antioxidant of the Oak gall extract is dependent to the
antioxidant concentration, So that, free radical trapping ability
of DPPH is increased with increasing concentration
(approximately 200 ppm) but after this concentration, this was
almost constant up to about 1000 ppm. The ability to free
radical trapping of oak extract was much higher than ascorbic
acid at low concentrations (approximately 10 ppm) and it was
not comparable to the ascorbic acid but this difference is
negligible at the higher concentration of 200 ppm and these
values were approximately equal. The DPPH trapping ability
by extract was comparable with ascorbic acid at higher
concentration of 200 ppm.

Figure 3. Capacity of total antioxidant extract compared with Ascorbic acid
as standard.

According to the “Figure 3”, antioxidant capacity of the
Oak gall extract is dependent to the antioxidant concentration,
So that, total antioxidant capacity is increased with increasing
concentration. Total antioxidant properties of the contract is
higher than ascorbic acid at low concentrations of the Oak gall
extract (100 ppm) but at high concentrations, total antioxidant
capacity of the ascorbic acid was higher than that of the
extract. In any case, the activity of extract is competitive with
the standard. The DPPH has been widely used to evaluate the
free radical scavenging effectiveness of various antioxidant
substances [40]. With this method it was possible to determine
the antiradical power of an antioxidant by measuring of a
decreasing in the absorbance of DPPH at 517 nm. Resulting a
color change from purple to yellow, the absorbance decreased
when the DPPH. Was scavenged by an antioxidant through
donation of hydrogen to form a stable DPPH. molecule. In the
radical form, this molecule had an absorbance at 517 nm
which disappeared after acceptance of an electron or
hydrogen radical from an antioxidant compound to form a
stable diamagnetic molecule. “Figure 4” illustrates a
significant decrease in the concentration of DPPH radical due
to the scavenging ability of tannic acid and standard.
According to the “Figure 4” antiradical power of an

Figure 4. Scavenging ability of DPPH for tannic acid and standard.

To determine the stoichiometry of ligand to metal used
molar ratio method. In this experiment, we first need to obtain
the maximum wavelength of the solution in the range of the
human's body pH. Hence two series solution was prepared: In
the first case (at high ligand concentration) metal was kept
constant while ligand was gradually increase. Same procedure
was repeated for the second case (taking low ligand
concentration) in which ligand remained constant while metal
was increased. “Figure 5” shows the absorbance versus
wavelength for various ligands (Deferoxamine B (DFO),
extract Oak gall and Tannic acid (TA)).

Figure 5. The absorbance versus wavelength for Deferoxamine [DFO], Oak gall and Tannic acid [TA].
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According to “Figure 5”, can be achieved the maximum
wavelengths of the different complex.
“Table 1” shows a summary of the results. After
determining the maximum wavelength of the complex,
determined by the stoichiometry of the complex were
preparing of different molar ratios of ligand to metal. If
complex formation constant be reasonable, it is obtained two

straight lines with different slopes. The intersection of these
two lines is the ratio composition of the complex. This chart
includes two curves which a curve shows at constant ligand
concentration and the other curve is plotted at constant metal
concentration. The following charts indicate results of this
assessment.

Table 1. The maximum wavelength for Deferoxamine, Oak gall and Tannic acid.
Ligand
Tannic acid
Extract (Oak gall)
Deferoxamine B

Solution No.
High Con.* ligand
Low Con. ligand
High Con. ligand
Low Con. ligand
High Con. ligand
Low Con. ligand

Metal

Fe(III) Solution

maximum wavelength [nM]
520
535
510
530
411
411

* con. Mean is Concentration

“Figure 6 (a)” indicates the molar ratio of Fe (III) Tannic acid. As is evident in the Fig.6, in both cases the
molar ratio of low concentrations ligand and high
concentration of ligand is 1: 1, which is one metal was
chelated with Tannic acid. “Figure 6 (b)”; indicates the
molar ratio of Fe (III) to extract of Oak gall. This is also
evident in “Figure 6 (b)”, when the ligand concentration is
kept constant and the concentration of the metal increases,
the complex has molar ratio 1: 1; Tannic acid gives the
same behavior with ligand but when increased the
concentration of the ligand (at constant concentration of
metal) this behavior is different with Tannic acid. Since oak
gall extract containing tannins and they are a polyphenols
with different and large group of the phenols so there is a
possibility of forming complexes with iron. Therefore, as
the iron ions tend to bind with the phenolic groups, it is
predicted to formation of the complexes with the
stoichiometry of ML2, ML3 and so on with increasing of
ligand concentration in solution. “Figure 6 (c)” is related to
the molar ratio of Fe (III) - Deferoxamine. In this Fig. is
also evident when the metal concentration is low [constant
concentration of metal], does not form a complex. In other
words, the two ligands (tannic acid, extract) are better
formed complexes than Deferoxamine at low
concentrations of iron (III). This could be due to the large
number of hydroxyl groups in Tannic acid and Oak gall
extract. Also, in “Figure 6 (c)”, when the ligand
concentration is constant and the concentration of the metal
increases,
we
observe
the
formation
of
Fe(III)-deferoxamine complex with stoichiometry of 1: 6.
This suggests that the high ability of complexation of the
Deferoxamine at high concentrations of metals. Although the
behavior of the graph in a mole ratio of 1: 7 can be predict by
the formation of other ratio complex which it is undeniable
due to the broad absorption peak in the “Figure 5”.
Figure 6. (a) The molar ratio of Fe (III) - Tannic acid, (b). The molar ratio
of Fe (III)-extract Oak gall, (c). The molar ratio of Fe (III)- Deferoxamine B,
(blue = constant ligand concentration and Red= constant metal
concentration).

4. Conclusion
Evaluation of antioxidant activity of the Oak gall extract
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with vitamin C indicates that anti-radical and antioxidant of
the Oak gall is comparable. This anti-radical activity is a
numerical value at low concentrations (approximately 10
ppm). This amount does not undergo many changes with
increasing concentration. Hydroxyl groups in tannins are
property of chelating metal ions such as iron and aluminum.
The complex formation is depending to the pH. At moderately
alkaline pH, the phenolic groups change to phenolate and
combined better with the metallic ions. At high alkaline media,
the insoluble metal hydroxide such as Fe(OH)3 is formed and
precipitate. Therefore, the adjustment of pH is important. This
can be compared with a chelating agent such as Deferoxamine
at low concentrations of metal.
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