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Tannins are natural polyphenolic compounds widely distributed in the plant kingdom in the leaves, bark, fruits, and other parts. (ey
have various biological functions in humans and animals and are usedmainly in the pharmaceutical and cosmetic industries.(e aim of
this work was to isolate, extract, purify, and identify the tannins from the root bark of a common oak tree (Quercus aegilops L.) in Jordan
and around the Mediterranean. (e results showed that at least one form of ellagitannin (ellagic acid ester), quercitrin, afzelechin,
valoneic acid, trigalloyl glucose, and catechin was identified in addition to two unidentified compounds. Results of this work can help in
developing an ESI MS/MS search library for the constituents of the tannins of oak (Quercus aegilops L.) root bark.

1. Introduction

Tannins are complex heterogeneous group of polyphenolic
secondary metabolites of higher plants which share the
ability to bind and precipitate proteins, alkaloids, and
polysaccharides [1]. (eir molecular weights range between
500 and 20,000Da. [2], although Okuda and Ito [3] reported
that some types of tannins have molecular weights smaller
than 500Da. (ey are considered to be free radical scav-
engers [4] which also have the ability to inactivate microbial
adhesions as well as enzymes, and cell-envelop and transport
proteins [5]. Widsten et al. have shown that tannins have
antimicrobial properties due to their bacterial toxicity
exerted by their o-diphenol groups which act as iron che-
lators [6]. Hydroxyl groups in tannins may also play an
important role in the molecule’s ability to permeate the cell
walls of bacteria [6]. It also was reported that the hydrolyzed
tannins “ellagitannins” have antimicrobial activity against
fungi, viruses, and bacteria including those antibiotic-re-
sistant strains [7].

Many studies have shown that polyphenols have anti-
carcinogenic effect as well [8, 9]. Romani et al. [10] have
reported that condensed tannins can interact with biological

systems by playing antioxidant, antiallergy, antihyperten-
sive, and antimicrobial roles [10]. (e same authors have
pointed out that tannic acid possesses antimutagenic, an-
ticancer, and antioxidant properties. (ere is also evidence
that phenolic compounds exert an obesity-preventing effect
through inhibition of the pancreatic lipase [11]. Dietary
polyphenols may repress growth of the adipose tissue
through their antiangiogenic activity and by modulating
adipocyte metabolism; accordingly, they may have benefits
in controlling obesity [9, 11]. Matsumoto and Yokoyama
[12] have reported that tannins have the ability to reduce
plasma cholesterol levels accompanied by acceleration of
fecal lipid excretion and bile acid excretion in cholesterol-fed
rats. Recent studies have shown that the antioxidant activity
of hydrolyzed tannins may reduce serum cholesterol and
triglycerides and suppress lipogenesis induced by insulin
[10]. It is well established that the composition and con-
centration of tannins vary depending on species, part, and
age of the plant from which they are extracted [1].

Based on their specific structures and chemical prop-
erties, tannins are classified into hydrolysable, condensed,
and complex [13, 14]. Hydrolysable tannins, which are found
in many plant species including oak, sumac, and chestnuts
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are subclassified into gallotannins and ellagitannins [15].
Conversely condensed tannins (proanthocyanidins) are
oligomeric or polymeric flavonoids consisting of flavan-3-ol
(catechin or epicatechin) units linked either via C4–C6 or
C4–C8 bonds (B type proanthocyanidins) [16, 17]. Gallic
acid esters may also be found in tannins [8]. Condensed
tannins were extracted from quebracho wood and mimosa
bark [8], as well as grape seeds [17]. Complex tannins consist
of flavan-3-ol units (catechin moiety) glycosidically bound
to gallotannin or ellagitannin units. Additionally, they have
been detected in various oak species (e.g., Quercus petraea)
[1, 18, 19].

A number of methods have been proposed for quanti-
tative analysis of tannins; these methods are classified into
general phenolic methods, functional group methods, and
chromatographic (HPLC and UPLC) and protein precipi-
tation methods [14, 20–25]. Liu and White recommended
the use of HPLC, nuclear magnetic resonance (NMR), mass
spectroscopy (MS), infrared (IR), and gas chromatography
(GC) for the identification of tannins [17]. Williamson and
Carughi [26] recommended the use of HPLC with mass
spectrometric detection and appropriate isotopically labeled
standards for the analysis of phenols in general and tannins
in particular.

(e aim of this work is to extract tannins from oak
(Quercus aegilops) root bark, purify them on Sephadex LH20
column, and identify them using HPLC/MS-MS technique
as this system is supplied with a library which facilitates the
identification of the different tannin compounds.

2. Materials and Methods

2.1. Collection and Preparation of Oak Root Bark. Oak root
samples of Quercus aegilops L. were collected in November
2013 from an oak forest near Amman/Jordan, washed with
distilled water, and air-dried at room temperature for two
weeks. (e bark was stripped off and separated from the
heartwood ground using hummer mill and stored in air
tight, low-density polyethylene bags in a refrigerator for
further analysis.

2.2. Extraction of Tannins. Ground oak root bark powder
was extracted as described by Hagerman [21] with 80% (v/
v) ethanol: water. One gram of the oak root powder was
suspended in 10ml of 80% (v/v) ethanol, stirred well, and
allowed to settle overnight in a refrigerator. (e extract
was then removed and filtered through Whatman #40
filter paper. (e filtrate was mixed with 100ml of
Sephadex LH20 slurry (25 gm of Sephadex LH20 (Sigma-
Aldrich LH20100) prepared as a slurry in 100ml of 80%
(v/v) ethanol and kept overnight in the refrigerator [21] to
be equilibrated later with 95% (v/v) ethanol, stirred for 3
minutes, and filtered through a coarse glass sintered
funnel; a brown color was developed on Sephadex LH20
beads. Sephadex LH20 is commonly used to separate
tannins from nontannin small molecular weight com-
pounds, as it absorbs tannins in alcohol and releases them
in aqueous acetone solution [21]. (e Sephadex LH20

beads were then washed with 95% ethanol until the ab-
sorbance of the washings at 280 nm was around zero with
colorless elution to equilibrate the Sephadex. Finally, the
Sephadex was washed to elute tannins with 50% (v/v)
aqueous acetone until the beads became clear white. All
acetone washings were combined, then the acetone was
removed under vacuum at a temperature ≤30°C, and the
remaining aqueous solution was extracted three times
with equal volumes of ethyl acetate. (e lower aqueous
phase containing the tannins was kept, traces of ethyl
acetate were removed by evaporation at room tempera-
ture, and the aqueous sample was freeze-dried (Operon
FDB 5502) into a fluffy brown powder, weighed and kept
frozen.

2.3. HPLC/MS-MS Chromatography of Oak Tannins

2.3.1. HPLC Instrumentation. Chromatographic separa-
tions for different phenolic compounds extracted with
ethanol and purified on Sephadex LH20 were performed
on a reversed phase HPLC. An Agilent Eclipse XDB HPLC
system was used. C18 column (150 × 4.6mm, 5 μm) using
an Agilent 1200 LC system (Agilent, Santa Clara, CA,
USA) was equipped with degasser (G1379 B) and binary
pump (G1312 A) along with autosampler (G1367 B). (e
autosampler was maintained at 6°C and programmed to
draw 5 μl of sample for chromatographic separation. (e
method was validated using an isocratic mobile phase of
deionized water/0.01% trifluoroacetic acid (TFA) in
methanol (30 : 70, v/v) applied at a flow rate of 0.70ml/
min. (e column temperature was kept at 27°C. (e total
analytical run time was 10.0min for each sample. De-
tection was carried out on an AB Sciex (Applied Bio-
system/MDS SCIEX, Foster City, CA, USA) API-3200
Q-Trap mass spectrometer, equipped with a Turboion-
spray interface operated in negative ion mode-ESI (elec-
trospray ionization). Separated compounds were scanned
using the multiple reaction monitoring (MRM) method.
Optimized instrument parameters were medium-flow
collision-activated dissociation (CAD) gas with curtain
(CUR) gas: 24 psi; nebulizer gas (gas1): 30 psi; heater gas
(gas 2): 25 psi; ion spray voltage: −4500 V; source tem-
perature: 550°C. Compound-dependent voltage parame-
ters are as listed in Table 1. System control and data
analysis were performed by AB Sciex Analyst software
(version 1.5). (e following set of standards was used:
catechin (C1251 Sigma), gallic acid (G7384 Sigma), ellagic
acid (E2250 Sigma), taxifolin (78666 Sigma-Aldrich),
quercetin (Q4951 Sigma-Aldrich), p-coumaric acid, and
ferulic acid (ICN-Biomed). (e different tannin com-
pounds were confirmed by their MS-MS profiles after ion
isolation using linear ion trap (LIT) in comparison with
the corresponding pure standards. (e enhanced MS
screening method was used to screen and confirm tannin
products of gallotannins and ellagitannins as shown in
Table 2. Also, in order to measure the expected large
compounds, screening was optimized from 90–1500
Atomic Mass Units (amu).
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2.4. Tannin Compound Identification. (e different com-
pounds in the tannin extract were identified by their MS-MS
profiles after ion isolation using linear ion trap, in com-
parison with the corresponding pure standards. (e en-
hanced MS screening method was used to screen for tannin
products of gallotannins as shown in Table 2. Also, in order
to measure the expected large compounds, screening was
optimized from 90–1500 amu on negative ion mode using
the API-3200 Q-Trap mass spectrometer.

3. Results and Discussion

3.1. HPLC/MS-MS of Oak Tannin Extracts. To qualify tannin
compounds extracted from the oakQuercus aegilops root bark,
a multiple reaction monitoring (MRM) method using HPLC/
ESI-MS negative mode was developed and optimized. (e
chromatographic conditions were optimized using a multiple
set of available standards (Figure 1), and the extracted ion
chromatograms (XICs) of MRM for the tannin extract were

developed. (e results are summarized in Table 3, where the
gallic acid, catechin, and ellagic acid were detected.

Sephadex extracts were characterized with the presence
of ellagic acid, gallic acid, and catechin (Figure 2). Retention
time for each of the extracted compounds was determined;
however, retention time of extracted compounds was so
close to each other, reflecting the main limitation in char-
acterizing of tannins due to the large number of molecules
under the same chemical class. On the other hand, they
might be present in isomers which implicate the chro-
matographic separation process, and also, isomerization or
depolymerization can take place due to environmental
conditions [8]. Furthermore, tannin derivatives were not
completely separable by chromatography and cannot be
distinguished through their MS due to their similar struc-
tures such as the catechin and epicatechin [8]. Enhanced MS
screening method was also used to screen some of the ex-
pected tannin products. Table 4 presents our observations.
MRM extract results are shown in Figure 3.

Table 1: Compound-dependent voltage parameters.

Analyte
MS-MS parameters

Q11 Q32 DP3 EP4 CE5 CXP6

Ellagic acid 300.6 200.9 −64 −5 −42 −1
Gallic acid 168.8 124.9 −50 −5 −20 −2
Quercetin 300.9 150.9 −50 −5 −27 −1
p-Coumaric acid 162.7 118.8 −33 −5 −20 −2
Ferulic acid 192.9 133.9 −35 −6 −23 −2
Propyl gallate 210.6 124 −60 −5 −35 −2
Pyrocatechol 108.7 90.9 −63 −5 −29 −1
Catechin 288.8 230.8 −40 −3 −24 −1
Taxifolin 302.8 230.8 −32 −3 −19 −2
1Q1: parent. 2Q3: daughter. 3DP: declustering potential. 4EP: entrance potential. 5CE: energy of collision. 6CXP: cell exist potential.

Table 2: Selected group of gallotannins and ellagitannins screened by enhanced MS using the LIT.

Parent Q1 (m/z) Compound Daughter Q3
933.4 Trigalloyl-gallagoyl-glucose 783.2, 631, 481.1, 301.1
933.2 Trigalloyl-HHDP-glucose 631, 569.1, 467.2, 301.2
933.1 Pentagalloyl-glucose 631.1, 569.2, 425.1, 301.2
783.4 Tetragalloyl-glucose 764.1, 746, 481, 301.1
783.2 Tetragalloyl-glucose 763.1, 481, 301
933.4 Triagalloyl-glucose 613.1, 481, 301.1
783.6 Tetragalloyl-glucose 764.4, 651.1, 481, 301.1
933.1 Triagalloyl-glucose 613.1, 481, 301.1
783 Tetragalloyl-glucose 764.0, 746, 481, 301.1
613.5 Dehydrated tergallic-C-glucoside 595.5, 523.6, 493.2, 301.1
613.7 Dehydrated tergallic-C-glucoside 493.1
933.2 Trigalloyl-glucose 614.1, 467.7, 301.1
631.4 Tergallic-O-glucoside 628.1, 451.1, 301.1
469.4 Valoneic acid dilactone 425.1, 300.9
469.0 Valoneic acid dilactone 425.9, 300.9
469.2 Valoneic acid dilactone 424.9, 300.9
595.5 Identify unknown 463.3, 301
927.4 Valoneic acid dimer 463.3, 301
933.3 Trigalloyl-HHDP-glucose 756.6, 463.2, 301.1
867.6 Ellagic acid pentoside dimer 433, 301
850.0 Identify unknown 821.1, 804.4, 677.7, 451.5, 301.1
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Figure 1: Continued.
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In order to measure the expected large compounds, a full
MS screening was optimized from 90 to 1500 amu on
negative ion mode using the API-3200 Q-Trap mass spec-
trometer (Figure 4) extracted MS-MS scan. (ere was no
current available library for polyphenols/tannin searching
for the ESI, accordingly the spectral identifications were
made by comparing the parent ion (Q1) molecular weight
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Figure 1: Standard mix of HPLC/MS-MS (optimized instrument parameters: medium-flow collision-activated dissociation (CAD) gas wiht
curtain (CUR) gas: 24 psi; nebulizer gas (gas 1): 30 psi; heater gas (gas 2): 25 psi; ion spray voltage: −4500V; source temperature: 550°C;
compound-dependent voltage parameters for each standard are shown in Table 3.

Table 3: Recorded retention times of identified compounds, where
standards were available.

Compound RTmin

Gallic acid 1.59
Catechin 1.70
Ellagic acid 1.57
RTmin: retention time in min.
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with those obtained from literature reports, or searching the
online MS-libraries. From the extracted chromatograms
(Figure 4), a group of compounds were identified, as in-
dicated in Table 2.

It was observed that Sephadex LH20 extracted tannins
contained at least one form of an ellagitannin/ellagic acid
esters/galloyl-glucose, ellagic acid, in addition to gallic acid,
valoneic acid, catechin, and afzelechin (condensed tannin).
Also, there were a number of compounds with molecular
weights of 595.5 and 1083 that were characterized as un-
known tannins. Unfortunately, although the retention time
was identified, the MS fraction was not detected.

Mammela et al. [19] investigated tannins from two types
of oak (the European and American species) and reported
that both species had glucose gallic and ellagic acid esters,

grandinin/roburin E, castalagin/vescalagin, gallic acid,
valoneic acid bilactone, monogalloyl glucose, digalloyl
glucose, trigalloyl glucose, ellagic acid rhamnose, quercitrin,
and ellagic acid.

A study of Cantos et al. [27] on acorns of some Quescus
species (Q. rotundifolia, Q. ilex, andQ. suber) has shown that
thirty-two different phenolic compounds were quantified.
(ey were gallic acid derivatives, in the form of either galloyl
esters of glucose or ellagic acid derivatives in addition to
valoneic acid.

Using both methods of HPLC/mass spectroscopy and
MNR, Glabasnia and Hofmann [28] reported a number
of ellagitannins and their derivatives in Quercus alba
L. and Quercus robur L. including grandinin, roburin E,
vescalagin castalagin, 33-deoxy-33 carboxyvescalagin,
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Figure 2: (e XIC MRM chromatogram of the extracted tannins (from top to bottom, gallic acid, catechin, and ellagic acid).

Table 4: (m/z) compound voltage dependent parameters detected.

Rtmin Parent Q1 (m/z) Compound Daughter Q3
6.18 867.6 Ellagic acid pentoside dimer 434.5, 301
11.52 447.4 Quercitrin 315.4, 153.4
15.94 545.3 Afzelechin 528, 483.7
17.46 473.3 Valoneic acid 448.7, 316.5, 301.6
19.2 934 Trigalloyl-glucose 626.5
15.62 595.5 Unknown No fractions
15.55 1083 Unknown No fractions
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roburin A, roburin B, roburin C, pentagalloyl-â-d-glu-
cose, ellagic acid, gallic acid, epigallocatechin 3-gallate,
and caffeine.

Our results were in line with some of the findings by
Mammela et al. [19], Cantos et al. [27], and Glabasnia and
Hofmann, [28]. Application of the HPLC/ESI-MS in the
identification tannins ofQuercus aegilops L. species revealed the
presence of glucose gallic and ellagic acid esters, gallic acid,
valoneic acid, trigalloyl glucose, quercitrin, and ellagic acid.

Masson et al. [29] reported monomers of ellagitannins;
vescalagin and castalagin represented a substantial quantity
of the total amount of ellagitannins present in oak. In this
study, both monomers and dimmers of ellagitannins were
screened qualitatively albeit quantitative analysis was not
attained. Vescalagin and castalagin may undergo hydrolysis
or participate in nonspecific reactions in presence of oxygen
leading to changes in ionic strength and higher temperature
(60°C) [30, 31]. Season variations also affect the content and
stability of vescalagin, castalagin, and roburins because of
the reactions of polymerization or hydrolysis [31]. (is
perhaps the reason that our results did not show vescalagin
and castalagin in analyzed tannins.

Contrary to the findings of Mammela et al., Cantos et al.,
and Glabasnia andHofmann, [19, 27, 28] grandinin/roburin,
castalagin/vescalagin, and valoneic acid bilactone were not
detected. (is may be attributed to differences in the
technical method of analysis, differences in the oak species,
part of plant from which the tannin extracted, seasonal
changes, and method of extraction, or it may attribute to the
sensitivity of our instrumental techniques. Moreover, a
possible wide variety of isomeric structures in the tannins
makes an absolute separation and confirmation difficult.

To the best of our knowledge, there were no previous
studies on screening and characterization of tannin com-
pounds extracted from the roots Quercus aegilops, and our
results bring a new insight into tannin characterization of
this tree species.
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