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Abstract: The structure and antioxidant activity of condehsannins isolated from Alaska Cedar inner bark
have been investigated. Oligomers of flavan-3-otemeurified by column chromatography (Sephadex I(j-2
and analyzed by’CNMR and MALDI-TOF MS spectrometers. Their anticesd activities were measured using
1,1'-diphenyl-2-picrylhydrazyl (DPPH), 2,2-azingskB-ethylbenzothiazoline-6-sulfonic acid (ABTS)izals
scavenging, ferric reducing/antioxidant power (FRAd&hdp-carotene-linoleic acid model systefrCLAMS)
assays. Results showed that the condensed taroniserts of both homogeneous and heterogeneousnaigo
of procyanidins (catechin/epicatechin) and prodeipins (gallocatechin/ epigallocatechin) flavarsiBunits;
and oligomers from trimmers to heptamers with d@mtrinterflavan linkages B-type as it is most comno
proanthocyanidins. Condensed tannins showed signifiantioxidant activity as the median inhibiticapacity
ICso is comparable to the catechin control responsaskd Cedar inner bark oligomers show high antioxida
capacity, evaluated by both methods based on efedmansfer mechanisms and hydrogen atom transfer
reactions. This bark may be considered as a nemeaai natural antioxidants for nutraceutical irdieats.
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1. Introduction

Alaska Cedar@Chamaecyparis nootkatengiglso known as yellow cedar or Nootka cypress,
is an important timber and ecological species ef ¢bastal Pacific Northwest of Canada and the
United States. Indigenous peoples have valued sedl this tree for centuries as an important materia
resource. The strong, fine grained wood was usethitee items such as bows, canoe paddles and
chests, while the inner bark was highly prized fagking fibrous materials such as baskets and
clothing items [1, 2]. Because of the durabilitydacommercial value of the heartwood, there have
been many chemical studies over the years [3]. Max=ntly, these studies have concerned terpenes
and bioactivity towards arthropods of public healtimcern [4—7].

" Corresponding author: E-Maihrosa0563@yahoo.cqrRhone:01-52-61881420%ax:01-52-6188144540

The article was published by Academy of Chemistr§glmbe Publications
www.acgpubs.org/RNP © Published 05/01/2014 EISSO73&167



Condensed tannins from Alaska cedar inner bark 218

The bark, typically an underutilized forest by-puot] has received in contrast relatively little
attention. The outer bark extract was shown to hastévity againstM. tuberculosisdue to the
diterpene (+)-totarol [8]. The inner bark to thestbef our knowledge has not been studied. In this
paper, we wish to report on the characterizatiorM®LDI-TOF MS and™C NMR as well as the
antioxidant properties of the purified condenseuhiias.

Condensed tannins (also called proanthocyanidins)oligomers of flavan-3-ol monomer
units commonly linked G8C4 or C6-C4 in what are called B-type interflavan linkageéggre 1).
Some proanthocyanidins also have A-type linkagestwadditionally have an ether linkage between
the C-2 position of an upper unit and the hydrogydup at either C-5 or C-7 of the lower unit.
Structural diversity is additionally added to tligsnily of compounds because of the variability of
hydroxylation patterns of the aromatic A and B sramnd different stereochemistry at chiral centers a
C-2 and C-3 of the C ring. Five distinct familiek proanthocyanidins based on the hydroxylation
patterns found in their A and B rings are commdialynd in nature. These are the procyanidins,
prodelphinidins, propelargonidins, profisetinidinand prorobinetinidins Perhaps the two more
common types of proanthocyanidins are the procyesifPC), which are composed of catechin and
epicatechin monomer flavan-3-ol units and the pigdeidins (PD), which are composed of
gallocatechin and epigallocatechin monomer flavao-8nits. Such oligomers can occur as pure
procyanidin chains, pure prodelphinidin chains, emchixed procyanidin — prodelphinidin oligomers.
MALDI-TOF MS has been found to be a highly effeetitool for analysis of such polydisperse and
heterogeneous proanthocyanidins compounds, edyesien combined with’C NMR data to give a
condensed tannin profile, which includes size armhamer composition of individual oligomer
chains [9, 10]. Suclstructural information is important when considgrichemical and biological
functions such as antioxidant activity.

Proanthocyanidins are of great interest from theittanal and medical perspective because of
their strong antioxidant capacity and related mte effects on human health. The biological,
pharmacological, and medicinal properties of tamhiave been related to their free radical scavgngin
and antioxidant activities. Polyphenol oligomersénghown notable functions, such as anti-allergic,
vasodilator, anti-carcinogenic, anti-inflammatorgntibacterial, antiviral, and cardioprotective
activities.

R=H catechin / epicatechin (procyanidin)
R = OH gallocatechin / epigallocatechin (prodelphinidin)

Figure 1. Basic proanthocyanidin units in Alaska Cedar rivark

2. Materials and Methods
2.1. Plant Material

An Alaska Cedar tree was obtained from the HungopMain area in the Sol Duc drainage of
the Olympia National Forest, Washington State (Onedstate University Herbarium voucher
specimen #188046).

2.2 Extraction and Isolation

The isolation and purification procedure for prdeatyanidin polymers reported by Foo and
Karchesy was followed [11], as it is shown in figu. Fresh inner bark (1 kg) was extracted at room
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temperature with methanol. The methanol extractfiltesed and concentrated on a rotary evaporator
under reduced pressure to give a crude extracthwas diluted with water and the resulting agueous
solution was successively partitioned with hexasfdoroform, and ethyl acetate. The ethyl acetate
fraction gave 20g and the water fraction 108 gatiismaterial after drying. The ethyl acetate fraict
was chromatographed on Sephadex LH-20 to give dtdehin. 40 g of the water soluble fraction was
applied to a Sephadex LH-20 column and then wash#d50 % aqueous methanol until washings
were almost colorless. Catechin-7-0-glucoside atdabin — (4-8) —catechin were isolated from this
elution. The condensed tannin fraction was thetedlérom the column with 50% aqueous acetone to
give 10g of purified condensed tannin materialrdfiseze drying.

Alaska Cedar inner bark
Extraction with methanol
Crude extract. water added

Liquid-liquid partition with hexane,
chloroform. and ethyl acetate
|

Hexane soluble Chloroform Ethyl acetate Water soluble
fraction soluble fraction soluble fraction fraction

Purification by GPC  Purification by GPC
(Sephadex LH-20)  (Sephadex LH-20)

Elution with 1 elution with
EtOH 95% MeOH 30%
Catechin Fractions 1 — 9

F2: catechin 7-O-glucoside
F4: catechin dimer

2% elution with
acetone 50%

Polimeric tannins

Figure 2. Chromatographic purification of Alaska cedar inbark.

2.3 MALDI-TOF MS and®C NMR

MALDI-TOF-MS  (matrix-assisted laser desorption/ipation time-of-fight mass
spectrometry) was performed using an ABSciEX 47@@dém time of flight/time-of-flight
(TOF/TOF) mass spectrometer run in reflectron pesibn mode. The scan range was from m/z 800-
4000. Samples were mixed withidole acrylic acid (t-IAA) matrix and acetonitribes described by
Taylor et al. [12]. Peak assignments for the [M &Nwdduct ion for each proanthocyanidin oligomer
molecular weight and monomer composition was basethe formula given by Monagas et al. [9].
13C NMR spectra were obtained on a Bruker model AN MHz with d-MeOH as the solvent.
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Determination of Antioxidant Capacity
2.4. Chemicals

The 1,1'-diphenyl-2-picrylhydrazyl radical (DPPH),2’-azinobis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS), TPTZ (2,4,6-tripyridyl-s-tizine), linoleic acidp-carotene, ascorbic acid and
catechin were purchased from Aldrich from Sigmar@ical Co.

2.5 DPPH Radical Scavenging Activity

The free radical scavenging activity on the DPPH-diphenyl-2-picrylhydrazyl) radical was
determined according to the method described byl-Bvdliams et al. [13]. 50 pL of sample of
catechin as standard at different concentratiomsgthanol (50, 100, 150 and 200 pg/mL) was added
to 1950 pL of a methanolic solution of DPPH (6.1*M). An equal amount of methanol and DPPH
served as control. After incubation by 30 min atmotemperature, the decrease in absorbance was
measured at 515 nm. Lower absorbance of the reactixture indicated higher free radical
scavenging activity. The antioxidant capacity, defi as the concentration of antioxidant necessary t
scavenge the initial DPPH free radicals, was catedl using the following equation:

DPPH scavenging effect (%) = {{A A,) / A1} x 100

Where A is the absorbance of the reaction contrgljsAthe absorbance in the presence of the sample.
Catechin was used as standard. And thg Efilculated as the median effective concentration.

2.6 ABTS Radical Scavenging Activity

The ABTS antioxidant capacity assay was determammbrding to the method described by
Re et al. [14], and modified by Shu et al. [15]eTilue-green ABTSe radical cation (2,2’-azinobis(3-
ethylbenzothiazoline-6-sulfonic acid)) was genetaby reaction of ABTS (7 mM) and potassium
persulfate (2.42 mM), after incubation at room tenapure in dark for 16 h until reaching a stable
oxidative state. On the day of analysis, the ABBSltion was diluted with 96% ethanol to an
absorbance of 0.700 + 0.05 at 734 nm. 50 puL ofaekior catechin standard (20, 40, 50, 60, 80, 100
and 200 pg/mL) dissolved in 80% ethanol was added950 puL of ABTSe solution and mixed
thoroughly. The reactive mixture was allowed tondtaat room temperature for 6 min and the
absorbance was recorded at 734 nm. The results emressed the same as the DPPH assay
described above, with ABTSe inhibition andsj®alue.

2.7.p-carotene-linoleic acid model systefi@QLAMS) assay

In this assay the oxidative destructionfecarotene by linoleic acid radicals is relatedhe t
decrease in absorbance at 470 nm. 20 mg of linat@e&and 100 mg of Tween 40 were transferred to
a flask with 1 mL of3-carotene solution (0.2 mg/mL) in chloroform. Selv&vas vacuum evaporated
at 40 °C then, 50 mL of oxygenated distilled watere slowly added to the residue and vigorously
agitated to form a stable emulsion. To an alig@oiml) of this emulsion, 0.2 mL of antioxidant
solution at concentration of 0, 100, 250, 500 ydL6@y/L was added, and the absorbance immediately
measured at 470 nm (t = 0) against a blank congisfi the emulsion withol-carotene. The samples
were then subjected to thermal autoxidation at 5¥C2 h [16]. The absorbance was monitored
taking measurements at 30 min intervals, and tteeaibleaching op—carotene was calculated by
fitting linear regression to data over time [17].
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2.8. Ferric-reducing/antioxidant power (FRAP) pdiahassay

The FRAP method measures the ability of antioxiglaot reduce ferric-2,4,6-tripyridyl-s-
triazine (F&-TPTZ) to a ferrous form (B8, which absorbs light at 593 nm. The ferro- andideron
ions form complexes with TPTZ reagent and are thamproducts of this reaction [18]. To prepare
the FRAP reagent, a mixture of 0.3 mol/L acetatifelypH 3.6), 10 mmol/L TPTZ dissolved in 40
mmol/L hydrochloric acid, and 20 mmol/L ferric chide (10:1:1 v:v:v) was made. 100 pL sample or
standard at concentrations 25, 50, 75 and 100 pghat added to 3 mL of FRAP reagent and
incubated at 25°C for 10 min. The absorbance waasared at 593 nm. The blank consisted of
methanol into sample. The FRAP level was calculdtgdlotting a standard curve of absorbance
against concentration of ascorbic acid standanatisol (100 to 600 pM).

3. Results and Discussion

3.1. Tannin characterization

MALDI-TOF MS and **C NMR spectra of the purified condensed tannin sftbwhat it
consents of both homogeneous and heterogeneousmelig of procyanidins (catechin/epicatechin
flavan-3-ol units) and prodelphinidins (gallocatedhbpigallocatechin flavan-3-ol units) as shown in
figure 1. MALDI-TOF MS showed the existence of aliger clusters from trimmers to heptamers as
shown in Table 1 and Figure 3. Figure 4 shows goaeded view of the tetramer oligomers.
Procyanidin monomer units clearly dominate the ahgr composition in these clusters. Each
oligomer size, trimmer through heptamer, shows demminant [M + N&] adduct peaks. The first is a
homogeneous procyanidin oligomer and the secondaoh& Da higher due to one more hydroxyl
group on the B ring of a gallocatechin/epigallochie flavan-3-ol unit. These second peaks are
heterogeneous oligomers, which consist of categpiodtechin monomer units plus on
gallocatechin/epigallocatechin monomer unit. Tast of the oligomers with higher prodelphinidin
content are significantly less abundant. The heptaams are barely seen above the S/N ratio.

These [M + N&] molecular ions indicate that the dominant inearéin linkage is the B-type,
which is the most common in proanthocyanidins. €legzamination of the ion peaks in Figure 4
shows that there are a series of small ion peaRsvass units lower than the main ion peaks foh eac
oligomer. For example, m/z 11As m/z 1177 and so forth. These might representrigssef
oligomers in which there is an A-type interflavather linkage in which there would be two less
hydrogen atoms present in the oligomer [9, 15].sThbuld need to be confirmed by isolation of
individual oligomers and 13C NMR analysis. At aaye, the predominant linkage is indicated to be the
B-type by both MALDI and NMR. The 3C NMR spectruhthe condensed tannin is summarized in
Table 2 and is consistent with a mixed procyanfaiodelphinidin proanthocyanidin with B-type
linkages when compared to other reported procyasigirodelphinidins and mixed oligomers where
procyanidins are dominant [15, 19-22]. Typical aigrfrom the characteristic hydroxylation patterns
of both procyanidins and prodelphinidins are obseéyvbut those of procyanidins are dominant.
Signals for the phloroglucinol A-ring are obsenadl54.2-157.6 ppm for the oxygen bearing carbons
C-5, C-7 and C-8a of both types. However, charetieprocyanidin B-ring signals are seen at 115.6-
116.4 ppm (C-2', C-5"), 119 ppm (C-6") and 144.812 (C-3’, C-4’). Prodelphinidin B-ring signals
for C-3' and C-5' are observed at 146 ppm, andgadifor C-6’ is seen at 107 ppm. Other signals
overlap are shown in Table 2 and agree with litesatvalues reported for both PC and PD
proanthocyanidins. The PC/PD ratio of proanthoayiasi has been determined from the relative ratio
of the peak areas at 145 ppm and 146 ppm whenntberg of prodelphinidin has not been too low.
While these signals are used for structural detsatian, it is difficult to accurately measure the
relative peak areas of the 146 ppm signal when yarudins are present in a much higher
concentration than the prodelphinidins since ttsigeals are completely resolved. However, the ratio
of the relative heights of the 116/107 ppm sigihals been used in this type of situation to estirtiate
procyanidin/prodelphinidin ratio by Ku and Mun [2@}here they found a 94% procyanidin/ 6%
prodelphinidin ratio folPinus radiatabark tannins. In the case of Alaska cedar coretetemnnin this
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method estimates 86% procyanidin/ 14% prodelphmi@he rest of the signals in Table 2 are in full
agreement with reported values for flavan-3-ol algnwith a B-type interflavan linkage.

Table 1. MALDI-TOF MS of condensed tannins from Alaska Centarer bark.

Oligomer Number of Number of Calculated Observed
PC units® PD units’ [M+Na '] [M+Na ']
Trimer 3 0 889.2 889
2 1 905.2 905
1 2 921.2 921
0 3 937.2 937
Tetramer 4 0 1177.3 1177
3 1 1193.3 1193
2 2 1209.3 1209
1 3 1225.2 1225
0 4 1241.2 1241
Pentamer 5 0 1465.3 1465
4 1 1481.3 1481
3 2 1497.3 1497
2 3 1513.3 1513
1 4 1529.3 1529
0 5 1545.3 1545
Hexamer 6 0 1753.4 1753
5 1 1769.4 1769
4 2 1785.4 1785
3 3 1801.4 1801
2 4 1817.4 1817
Heptamer 7 0 20414 2041
6 1 2057.4 2057
#procyanidin (catechin/epicatechin),
bprodelphinidin (gallocatechin/epigallocatechin),
anlculation based on Monagas et aJ. [9

remaining oligomer ions not shown in hexamer arutdraer ion clusters were not significantly abowe th
signal to noise ratio.
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Figure 3. MALDI-TOF MS of condensed tannins from Alaska Ceifarer bark.

Table 2 **C NMR data § ppm) of condensed tannins from Alaska Cedar ibaek (d—MeOH).

C number (as Fig. 1) & ppm

C-2 76.1cis, 82.6trans
C-3 67.4t, 72ext

C-4 30 — 31, 38 — 39.%ext
C-4a 100 - 102
C-5,7, 8a 154.2 — 157.6
C-6,8 (unsubstituted) 96.5-98.2

C-6,8 (substituted), C-2’, 6’(PD) 106.4-107.1

C-1', 4 (PD) 131.2-131.6
C-2'(PC), 5'(PC) 115.6 -116.4
C-3', 4'(PC), 144.8 -145.2
C-3’, 5'(PD) 146

C-6'(PC) 119

t = terminal unit of oligomer,
ext= extending unit of oligomer,
PC = procyanidin unit,

PD = prodelphinidin unit

A-type linkages are assigned to a signal at 102d@M because of the doubly linked ketal
nature of C-2 in the flavan-3-ol unit and are rgadpparent in procyanidins with an abundance of A-
type linkages such as those from DoBkifnex obtusifoligg23] and American Cranberryéccinium
macrocarponrAit) [24], where the MALDI-TOF MS also show majam peaks corresponding to these
A-linked oligomers. This signal was not readily apgnt in the Alaska cedar tannifC-NMR
spectrum, but it is consent with the relatively lamount of A-type linkage indicated in the MALDI
spectra and might also be obscured by the C-4alsi@onfirmation of this linkage in the Alaska
cedar tannin needs isolation of more pure isomadsaaalysis to confirm.
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C= catechin/epicatechin flavan-3-ol monomer units
G= gallocatechin/epigallocatechin flavan-3-ol momomnits

3.2 Antioxidant assays

Several methods have been developed to determinantioxidant potential of extracts and
plant products. The trolox equivalent antioxidaapacity (TEAC) using ABTS (2,2-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid) as an oxigdme ferric reducing antioxidant power (FRAP), the
DPPH (2,2'-diphenyl-1-picrylhydrazyl) and thcarotene-linoleic acid model systefirGLAMS)
assays. Depending upon the reactions involvedettests can roughly be classified into two types:
assays based on electron transfer (ET) and assagsl lon hydrogen atom transfer (HAT) reactions

[25].

ET-based assays measure the capacity of an araiuxia the reduction of an oxidant, which
changes color when reduced. The degree of colongehds correlated with the antioxidant
concentration of the samples. These tests incloeedtal phenolic content using the Folin-Ciocalteu
reagent (FCR), the ABTS, the ferric ion reducingaidant power (FRAP), and the DPPH assays.

The majority of HAT-based assays imply a competitigaction scheme, in which antioxidant
and substrate compete for thermally generated peraxiicals through the decomposition of azo
compounds. These tests include fhearotene-linoleic acid model systeff+GLAMS) assay, the
inhibition of induced low-density lipoprotein autdation, and other26]. To measure the antioxidant
potential of condensed tannin from Alaska cedaeiirvark, we have chosen the ABTS, FRAP and
DPPH methods, which utilize the same single ET-hmaatsm, and th@-CLAMS assay, based on
HAT reactions.

Our results show that condensed tannins from Alasidar inner bark are able to stabilize
DPPH and ABTS radicals, otherwise they can act e®lmneducing agents, as it is indicated by the
FRAP reaction. The percentages of DPPH radicaibitidn at different concentrations are shown in
Figure 5. The corresponding percentages of ABTScadgl inhibition are shown in Figure 6. A
positive dose-response relationship was found énréldical scavenging activjty.e., the antioxidant
activity improved at increasing concentrations ainadensed tannins. The median inhibition
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concentration, 16, values (the concentration with scavenging actiuit0%), are shown is Table 3.
A lower value of |G, indicates greater antioxidant capacity. The testdr DPPH (100.5 + 0.5
png/mL) were similar to the catechin standard (97.8.4 pg/mL). Results of g for Alaska cedar
inner bark tannins were about 10% higher (lesscefie) than those reported f@elonix regiabark
(90.0 = 2.0 png/mL)19], as well forAcacia confusatem bark (87.85 £ 0.52 pg/mL), and root bark
(89.03 £ 0.50 pg/mL)27].

The results for ABTS were different to DPPH assayshis case the inhibition by condensed
tannins from Alaska cedar inner bark {{G 138.5 + 2.5 pg/mL) was significantly inferiorath the
catechin standard (= 69.5 £ 1.5 pg/mL). The difference between ABTE ®PPH assays might
be due to color interferences, the more color piteisea sample, the smaller the absorbance decrease

and lower the corresponding antioxidant activityaswed 28].

_ 100 80
£ o . “ o
Z & = 60 [ | r 2
< 60 = |
= | = 40 J v
3: 40 - 2= ”
i #® 20
= 20 = o
5 0 < 0 T T 1
T T T T 1 "}
0 50 100 150 200 250 0 c 100 o 200 L 300
Concentration (ug/mL) 'once?tlatlon(”gf]n ) .
¢ Alaska cedar tarnins B Catechin + Alaska cedar tannins W Catechin

Figure 5. DPPH radical inhibition by condensed Figure 6. ABTS radical inhibition by condensed
tannins from Alaska Cedar inner bark tannins from Alaska Cedar inner bark

Table 3. Antioxidant activity of condensed tannin from ska Cedar inner bark using the DPPH and
ABTS radicals scavenging assays

Antioxidant activity

Sample ICsc DPPH (ng/mL)  1GABTS (png/mL)
Condensed tannins from Alaska Cedar inner bark .5190.5 1385+ 2.5
Catechin 97.0+3.4 69.5+1.5

LSDP<0.05n=3

The antioxidant activity of condensed tannins mezgiby the FRAP assay, expressed in pM
of ascorbic acid equivalents/g dried tannin, issgh@n Figure 7. A higher absorbance corresponds to
higher ferric reducing power. In this assay, thghbi activity shown by condensed tannins (522.4 +
1.4 uM) was similar to the catechin standard (4694.2 uM). In the FRAP assay, the reducing
ability of extracts is evident through the convensof ions F& to F€*. This reaction is nonspecific
and under the assay conditions, any reaction hdeingr redox potential than the ferric-ferrous half
reaction, will contribute to the ferrous ion foriegt The change in absorbance is therefore directly
related to the total reducing power of the electionating antioxidants present in the samples ®f th
reaction mixturg29]. An oligomeric phenolic fraction, consisting ofopnthocyanidins trimmers and
tetramers fronQuercus sideroxyldark presented similar resuf0]. The reported outcome was 499
MM ascorbic acid equivalents per gram of sampl®@atug/mL.

In the B-carotene-linoleic acid model systeMEGLAMS) assay, one of the hydrogen atoms
from the linoleic acid methylene groups is withdradeaving the free radical of the acid ready to
attack -carotene molecules. They lose their double bordl erentually the characteristic orange
color degrades. This oxidative destructionpedarotene by linoleic acid radicals is related tie t
decrease in absorbance at 470 nm. The decreadesimbance of3-carotene in the presence of
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different concentrations of condensed tannins fAdaska cedar inner bark, with the oxidationfef
carotene and linoleic acid is shown in Figure 8.

The antioxidant capacity observed was 12.8% atmi@il., 43.2% at 250 mg/L, 54.7% at 500
mg/L, and 64.6% at 1000 mg/L of tannin concentretidl he higher relative increase was observed at
tannin concentrations between 100 and 250 mg/Ln superior to the 250 — 1000 mg/L range. The
time needed by the blank to reduce the absorbapnce $0% factor was 29 min. However, when
adding tannin (100 mg/L) it takes 42 min and evearerup to 90 min at higher concentration (250
mg/L) as shown in Figure 8.

The Alaska Cedar inner bark shows significant aid@nt capacity, evaluated by both
methods based on single ET- mechanism and HATIioeactThis bark may be considered as a new
source of natural antioxidants for nutraceuticaldorcts.

600 ——0 (me/l) 8- 100 (mg) 250 (mg/L)
% ‘ —==500(mgL) ——1000 (mg/L)
= 2400 0] 1
£ z - Zo0s8f
S £200 S 06 |
- o L .
% . : 0.4
=3 £ 04
0 50 . 100 150 2,
Concentration (ug/mL) = ' ‘ ‘ : '
. ) 0 20 40 €0 80 100
+ Alaska cedar tannins W Catechin Time (min)

Figure 7. Antioxidant activity of condensed tannins Figure 8. Antioxidant activity of condensed tannins
from Alaska Cedar inner bark by the FRAP assay. from Alaska Cedar inner bark by thg-carotene
bleaching assay.
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