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ABSTRACT

This research was aimed to determine the hydrophilic
bioactive extractives of Arizona cypress. The extractives of
Arizona cypress were isolated and characterized by gas
chromatography-mass spectrometry (GC-MS). Hydrophilic
compounds of the extractives were mildly isolated by
soaking the wood flour in ethanol: water (9:1 v/v) solution
followed by n-hexane extraction to remove the lipophilic
moieties. Raw extract of Arizona cypress was further
purified to isolate the bioactive phenols using
dichloromethane-ethanol in a solvent-solvent system and
precipitation with potassium acetate. The bioactivity of the
hydrophilic extracts of Cupressus arizonica was determined
and compared with the raw hydrophilic extractives of
Cupressus sempervirens and Picea excelsa. The total
phenol content was determined according to the folin-
ciocalteu method. The antioxidant capacity was determined
by iron (II) chelating activity and the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) free radical scavenging assay. From
the GC/MS analysis, different amounts of bioactive
moieties, including matairesinol (MAT), curcumin,
dienestrol, arctigenin (ARC) and sescoisolariciresinol
(SEC), were found in the extract of C. arizonica wood
knots. Comparative evaluation of the total phenolics by
folin-ciocalteu analysis showed that extraction by simple
soaking could precisely indicate the quantity of phenolic
compounds in the extracts. The antioxidant activity of
extracts indicated by DPPH radical scavenging and iron (II)
chelating capacity showed that the antioxidant activity is
dependent on the amount and category of bioactive phenols
in the extracts.
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RESUME

Cette recherche avait pour but de déterminer les matieres
extractibles hydrophiles bioactives du cypres de 1’Arizona. Les
maticres extractibles du cyprés de I’Arizona ont été isolées et
caractérisées par chromatographie en phase gazeuse et
spectrométrie de masse (CG-SM). Les composés hydrophiles des
matiéres extractives ont été isolés en trempant la farine de bois
dans une solution d’éthanol et d’eau (9:1 v/v), suivi d’une
extraction au n-hexane pour éliminer les fractions lipophiles.
L’extrait brut de cyprés de 1’ Arizona a été purifi¢ davantage pour
isoler les phénols bioactifs en utilisant du dichlorométhane-
¢éthanol dans un systéme solvant-solvant et une précipitation avec
de I’acétate de potassium. La bioactivité des extraits hydrophiles
du Cupressus arizonica a été évaluée et comparée aux extraits
hydrophiles bruts du Cupressus sempervirens et du Picea excelsa.
La teneur totale en phénols a été mesurée selon la méthode Folin-
Ciocalteu. La capacité antioxydante a été déterminée par l'activité
de chélation du fer (II) et I’analyse de piégeage des radicaux libres
2,2-diphényl-1-picrylhydrazyl (DPPH). D’aprés [I’analyse
GC/MS, différentes quantités de fractions bioactives, dont le
matairesinol (MAT), la curcumine, le diénestrol, 1’arctigénine
(ARC) et le sescoisolariciresinol (SEC), ont été trouvées dans
I’extrait de nceuds du C. arizonica. L’évaluation comparative des
phénols totaux par analyse Folin-Ciocalteu a indiqué que
I’extraction par simple trempage permettait de mesurer
précisément la quantité de composés phénoliques dans les extraits.
L’activité antioxydante des extraits évaluée par le piégeage des
radicaux DPPH et la capacité de chélation du fer (II) a montré que
cette activité dépend de la quantité et de la catégorie des phénols
bioactifs dans les extraits.
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INTRODUCTION

The unavoidable global depletion of fossilized resources
and its environmental issues has driven the industrial sector
toward developing a sustainable bio-based economy
(Langeveld, Dixon, and Jaworski 2010). In this context, the
biorefinery is the critical technology in processing biomass,
e.g., lignocellulosic, into value-added products, including
biofuels, biochemicals, and biomaterials (Bhaskar et al.
2016; Kamm, Schonicke, and Hille 2016). In the pulp and
paper industry, a substantial amount of wood knots has to
be screened during the pulping process because they have a
stiff texture that makes them completely inappropriate for
pulp and paper making processes (Zhang et al. 2010;
Holmbom et al. 2007). The general process of wood knot
screening during the preparation of wood chips in a
conceptual biorefinery is presented in Fig. 1. Nevertheless,
these bio-wastes contain particular bioactive metabolites,
which have important ecological behaviour like natural
resistance against insects or fungi or attracting pollinators
(Holmbom et al. 2007; Aranda et al. 2018). Wood knots
contain up to 100 times more extractives than the
surrounding regular wood (Pietarinen et al. 2005a). In
general, the pharmaceutical, cosmetic, and nutraceutical
industries are more interested in secondary metabolites,
including lignans and flavonoids, since these compounds
are considered effective antioxidants that are potentially
useful for preventing and remediation of certain diseases
(da Silva et al. 2005). Therefore, isolating extractives from
the wood knot is a convenient way to value-add in first-
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Fig. 1. Proposed process of wood biorefinery.
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generation biorefinery plants like pulp mills (Sedaghat,
Abdolkhani, and Khodaiyan chegini 2015). Lignans from
wood extractives have attracted much attention because of
their health-promoting effects; they possess antioxidant,
antitumor, and antiviral properties (Wijayanto et al. 2015).
Lignan is a generic name for the family of compounds
derived from two f-f linked CsCs units. Conidendrin, 7-
hydroxymatairesinol (HMR), pinoresinol, and lariciresinol
are the most important classes of lignans in different wood
species (Miki et al. 1980). Lignans in the Picea abies wood
knots are mainly composed of hydroxymatairesinol, which
is 65—85% of the lignans in this species (Willfor et al. 2004).
Recent studies extracted and characterized the different
bioactive compounds in other wood species and resources
(Valette et al. 2017; Liu, Willfor, and Xu 2015; Im, Kim,
and Kim 2014). During the last decade, the steadily
increasing investigations for further, richer and cheaper
sources of bioactive phenols were the main objective
(Sharma, Pandey, and Lata 2009; Pietarinen, Willfor, et al.
2005; Sedaghat, Abdolkhani, and Khodaiyan chegini 2015).
Although wood and bark hydrophilic and lipophilic
extractives have been studied in many tree species,
extractives in wood knot have been analyzed previously
only for select softwood species, Araucaria angustifolia,
Pinus radiata, Pinus sylvestris, and Picea abies (Peralta et
al. 2016; Hillis 1971; Hillis and Inoue 1968; Conde et al.
2014; Jonsson et al. 2011; Sergio et al. 2009; Holmbom et
al. 2007; Willfor et al. 2004). However, it has long been
commonly known that softwood knots can contain large
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amounts of extractives (Kebbi-Benkeder et al. 2015; Phelan
et al. 2009; Holmbom et al. 2007). No systematic studies
have yet been reported on the hydrophilic extractives in the
wood knot of main cypress family species, including
Cupressus arizonica (Arizona cypress) and Cupressus
sempervirens (Mediterranean cypress). Both species are
among the endemic trees of the vast majority area of the
Mediterranean region. They are somewhat drought tolerant,
have low water requirements once established, and can
withstand the heat of summer.

This study was aimed to extract and purify the bioactive
phenols in wood knots of Cupressus arizonica and
Cupressus sempervirens. Due to the heat sensitivity of
antioxidants, thermal oxidation of bioactive phenols is
unavoidable during the extraction. Therefore, this study
used a simple immersion of raw material in a solvent at
ambient temperature to isolate the lipophilic and
hydrophilic compounds. The antioxidant activity of
purified lignans was also determined using radical
scavenging DPPH and ferrous ion chelating assays and was
compared with the phenol activity of Picea excelsa.

MATERIALS AND METHODS

Extraction

Arizona cypress (Cupressus arizonica), Mediterranean
cypress (Cupressus sempervirens) trees, and Norway spruce
(Picea excelsa) trees were supplied from the university
forest sites of the University of Tehran (Iran). Wood disks
were cut from the logs immediately just after felling. The
wood disks were frozen immediately with liquid nitrogen
and stored under -80°C until analysis. The knots of wood
disks were carefully cut into small pieces with a cutting
knife and then suspended into n-hexane to eliminate the
lipophilic moieties and successively in EtOH:H20 (1:9; v:
v) for 72 h under ambient temperature to obtain the raw
extract. The EtOH:H>O solution was evaporated under
reduced pressure, and the raw residue was further
fractionated after freeze-drying wusing thin layer
chromatography (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan) with dichloromethane (DCM):ethanol
(10:1;v:v) as a mobile phase to give a phenol-rich fraction
(purification with DCM). Also, the bioactive moieties were
precipitated by adding potassium acetate to the raw
EtOH:H20 extract (purification with potassium acetate)
(Cosentino et al. 2007).

Determination of total phenol content

The total polyphenol content (TPC) was determined by
spectrophotometry (Uvikon XL, Bio-Tek Instruments, Bad
Friedrichshall, Germany) with the Folin- Ciocalteu reagent,
using gallic acid as standard, according to procedures
reported elsewhere (Tavcar Benkovi¢ et al. 2017; Eichhorn
et al. 2017). Briefly, 2.0 mL of the diluted sample extract
(10 mg/mL) was transferred to a tube containing 5.0 mL of
a 1/10 dilution of folin-ciocalteu’s reagent in water. Then,
4.0 mL of a sodium carbonate solution (7.5% w/v) was
added, and the mixture was allowed to stand at room
temperature for 60 min before measuring the absorbance at
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765 nm. The TPC was expressed as gallic acid equivalents
(GAE) in g/100 g material. The concentration of the phenols
in samples was calculated from a standard curve of gallic
acid ranging from 10 to 50 ug/mL.

Determination of the free radical scavenging activity by
thel,1-Diphenyl-2-picrylhydrazyl

Scavenging activities of the extracts on the free radical
DPPH were assayed using Blois’ method (Willfor et al.
2004, 2004; Willfor et al. 2003). Briefly, 0.1 mL of the
extracts were mixed with 0.5 mL of a 500 M DPPH
solution in absolute ethanol and 0.4 mL ofa 0.1 M Tris-HCI
buffer at pH 7.5. The mixture was kept for 20 min in
darkness, and then absorbance was recorded at 515 nm
using a mini UV-Vis spectrometer (Uvikon XL, Bio-Tek
Instruments, Bad Friedrichshall, Germany). The decreased
percentage of DPPH was calculated by measuring the
absorbance of the sample according to the following
equation:

Inhibition (%) = [1 - (4s/40)] % 100]
where, 4s is the absorbance of extracts, and Ao is the
absorbance of the DPPH solution.

Fe?* chelating activity

The chelating activity (ChA) of the extracts toward ferrous
ions was determined as described in the literature
(Pietarinen et al. 2006). Ferrous chloride (50 pL, 0.25 mM)
was added to the 150 pL ethanolic solution of the extracts,
and the reaction was initiated by adding ferrozine solution
(100 pL, 1.0 mM). Absorbance at 562 nm (Uvikon XL, Bio-
Tek Instruments, Bad Friedrichshall, Germany) was
recorded after 10 min of incubation at room temperature. A
reaction mixture containing ethanol (150 pL) instead of
substance solution was used as a control. The chelating
activity was calculated using the following equation:

Fe?" Chelating Activity (%) = [1 - (4s/4o)] % 100
where, Ao is the ethanol solution without test sample and A4s
is the absorbance of the extract solution.

GC-MS analysis

Gas  chromatography-mass  spectrometry (GC-MS)
analysis of silylated extracts was performed using an
Agilent technologies 6890 N gas chromatograph equipped
with HP-5MS capillary column (30 m, 0.25 mm i.d., 0.25
pm film thickness) coupled to a 5973 N mass selective
detector (Agilent Technologies, Santa Clara, CA, USA).
Oven temperature programmed from 60 °C for 1 min,
increased to 300 °C at 6 °C/min, kept at 300 °C for 10 min.
Helium was used as carrier gas at a constant flow of 1
ml/min. The initial head pressure was 8.13 psi; injector
temperature: 280 °C; injection mode: split mode at a split
ratio of 1:50; volume injected 1p; detector temperature: 230
°C. MS conditions: ion source temperature: 230 °C; electron
impact (EI) ionization energy: 70 eV; acquisition mode:
scan (m/z 30-500); MS interface temperature 280 °C.
Bioactive phenols were identified using Wiley and NIST
libraries. The preparation and analysis protocol of the
extracts is illustrated in Fig. 2.
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Fig. 2. Protocol for preparation and analysis of the extracts.

RESULTS AND DISCUSSION

Composition of raw extracts

The total gravimetric yield of hydrophilic extractives for
Cupressus arizonica, Cupressus sempervirens and Picea
excelsa wood knot was determined in the range of 1.6-2.48
(w/w). The GC-FID chromatograms of silylated C.
arizonica, C. sempervirens and P. excelsa wood knot EtOH
raw extract are shown in Fig. 3. The identity, relative
retention time, and yield of each compound in the raw EtOH
extract are presented in Table 1. The identification was done
according to the interpretation of GC-MS analysis giving
almost correct relative peak abundances of bioactive
phenols (Sedaghat, Abdolkhani, and Khodaiyan chegini
2015). The contribution of matairesinol (MAT) in the EtOH
extract of C. arizonica wood knot was 11.3%. Dienestrol
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was the second most abundant lignan with a contribution of
only 0.4 %. Curcumin, an active diarylheptanoid, was
identified with 0.9% in C. arizonica wood knot. All the
other lignans in the extract were in minor quantity compared
to MAT.

Matairesinol was the main lignin component of the C.
sempervirens which is 8.2% of total moieties. The total
contribution of the lignans in P. excelsa was determined as
33.37% of the raw EtOH extract. a-conidendrin was the
principal component of the P. excelsa extract with a
contribution of 23.24%. Nortrachelogenin (NTG) was the
second most abundant lignan with a contribution of 4.49%,
followed by matairesinol, dihydroconiferyl alcohol, and
secoisolariciresinol, a contribution of 3.64, 1.66, and
0.34%, respectively. The chemical structure of the
identified moieties in three species is shown in Fig. 4.

P. excelsa

L
IS 20 25 30 35 40 45

3 5 10

Retention time (min)

Fig. 3. Gas chromatograph of raw ethanolic extract from C. arizonica, C. sempervirens, and P. excelsa wood knot.
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Table 1. Main component groups and compounds in the raw hydrophilic wood knot.

Composition Category Subcategory C. arizonica ~ C.sempervirens  P. excelsa
(% of gravimetric extract)
Sugars 17.96 19.04
Fatty acid 3.19 8.9 2.67
Waxes 33 1.99
Terpenoids Resin acids 0.2 1.1 2.22
others 1.04 0.1 1.51
Steroids 0.6 4.9
Alkaloids 0.1 0.5
Aromatic monomers 6.2 6.9
Aromatic Compounds 12.4 2.1 43.59
Bioactive phenolic monomers  Bioactive phenolic 3.23 13.5 39
others 6.08 11.3 6.03
Quinones 0.5
Bioactive phenolic compounds  Lignans 11.7 8.2 33.37
Matairesinol 11.3 8.2 3.64
Secoisolariciresinol 0.34
Nortrachelogenin 4.49
Dihydro diconiferyl alcohol 1.66
a-Conidendrin 23.24
Dinosterol 0.4
Flavonoids
Stilbenes
Tannins
diarylheptanoid 0.9
others 5.7
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Fig. 4. Structure of the phenolic compounds identified in wood knots.
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Table 2. Main bioactive phenolic compounds of wood
knots (structures as illustrated in Fig. 4).

Wood species Composition Retention
time (min)
Cupressus Paracoumaryl alcohol (1) 21.74
arizonica Ferulic Acid (2) 31.01
Dienestrol (5) 32.90
Normetanephrine (4) 33.74
diarylheptanoid curcumin 37.30
®)
matairesinol (MAT) (6) 40.38
Homovanillyl alcohol (3) 43.46
Cupressus matairesinol (MAT) (6) 40.11
sempervirens
methyl vinyl lactate Bis- 41.24
hydroxy ether (7)
Picea excelsa Secoisolariciresinol (SEC) 38.42
(10)
matairesinol (MAT) (6) 39.52
Nortrachelogenin (NTG) 40.09
)
dihydro diconiferyl alcohol 40.56
(12)
Conidendrin (11) 4143

Purification of wood knot ethanolic extract

Two different protocols were used to purify the phenolics
from the raw ethanolic essence of C. arizonica. In the first
route, the ethanolic raw extract was purified by thin-layer
chromatography (TLC) using dichloromethane: ethanol
(DCM:EtOH, 10:1, v:v) as the eluent. Moreover, potassium
acetate was added to the raw ethanolic extract to precipitate
the phenolic-rich fractions. The output of these two
procedures characterized by gas chromatography is
illustrated in Fig. 5.

The overall composition of the extract after TLC
purification indicates the elimination of sugar impurities
from ethanolic extract (Table 3). The amount of
matairesinol (MAT) was increased to 16.38% in the purified
sample. Fig. 5 indicates that precipitation with potassium
acetate is more effective in bioactive phenolic purification
than the TLC method. The contribution of matairesinol in
precipitates of potassium acetate and its relative supernatant
was determined 32.59 and 40.44%, respectively.

Total phenolic content by folin-ciocalteau method

Total phenolic content (TPS) of raw and purified isolated
extracts from wood knots was standardized for their
phenolic content by the folin-ciocalteau method. The total
phenolic content was calculated as gallic acid equivalent
(GAE). The calibration test showed a linear correlation for
gallic acid in the concentration range of 0.2-1 mg ml!
(R?=0.99). The total phenolic content of purified and
unpurified extracts is shown in Fig. 6.

The P. excelsa with a total capacity of 318.8 mg.ml’!
showed the highest level of phenolics, followed by
unpurified C. arizonica (257.5 mg.ml?) and the solvent
purified extract of C. arizonica (190.1 mg.ml"). The total
phenolic capacity of raw extracts was decreased upon
purification with different methods since parts of the
phenolic moieties were excluded during the purification
process. According to the GC-MS analysis, the phenolic
acids are the main removed compounds in purified extracts.
The contribution of phenolic acids decreased from 3.23 to
0.98, and 0.81% in unpurified and potassium acetate and
TLC purified extracts in C. arizonica, respectively (Table
3).

Table 3. Main component groups and compounds in the EtOH extracts and fractions of extracts from C. arizonica

wood knot.
Composition Category Subcategory Unpurified Precipitated Purified Purified with
(% of gravimetric extract) C. arizonica with with ATLC
CH3;COOK CH3COOK
Sugars 17.96 1.57 4.95
Aromatic compounds 6.2 6.89 0.76
Phenolic monomers Bioactive phenolic 323 0.98 0.81
acids
others 6.08 5.07 8.69 4.46
Bioactive phenolic Lignans 11.7 34.61 41.21 17.13
compounds
matairesinol 11.3 16.38
(MAT) (6)
arctigenin 32.59 40.44 0.75
(ARC) (13)
Secoisolaricire 2.01 0.76
-sinol (SEC)
(10)
Dienestrol (5) 0.4
Stilbenes 0.4
diarylheptanoid 0.9
2 Thin Layer Chromatography
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Fig. 5. Gas chromatogram of EtOH extract from C. arizonica knot. (a) Purified with TLC (b) Purified with CH;:COOK

(c) Precipitated with CH;COOK.

DPPH radicals scavenging and iron (II) chelating
capacity

The antioxidant activity of the different extracts was
determined with DPPH (2,2-diphenyl-1-picrylhydrazyl)
radical scavenging assay (Fig. 7). Butylated hydroxyanisole
(BHA) was used as the standard to compare the radical
scavenging activities.

The most powerful radical scavenging activity was a
raw ethanolic extract from P.excelsa wood knot with
66.67%, followed by BHA and potassium acetate purified
C. arizonica with 57.96 and 56.37%, respectively. The
DPPH inhibition activity of moieties present in precipitated
potassium acetate was only 14.66%. No relationship
between phenolic compound contents and the inhibition rate
of DPPH radical was observed in different species; since, in
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addition to phenolics, other compounds (e.g. terpenoids)
may also have radical scavenging activity. It has been
reported that the antioxidant activity of phenolic
compounds depends on the number and location of
hydroxyl groups in the phenolic compounds (Sok, Cui, and
Kim 2009). The ability of the different extracts from wood
knots in chelating ferrous ions was illustrated in Fig. 8.
Purified (C. arizonica) and unpurified (C. arizonica, C.
sempervirens) ethanolic extracts (concentration: 2 mg ml™')
completely chelated ferrous ions, whereas P. excelsa extract
exhibit a low chelating capacity with an amount of 19.59%.
Depending on the quality and quantity of extracted moieties
with ethanol, ferrous ion's chelating affinity differs in
various species (Belt, Hanninen, and Rautkari 2017,
Wijayanto et al. 2015).
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Fig. 6. Total phenolic content of purified and unpurified ethanolic extracts.

CONCLUSION

The study of the ethanolic extracts of wood knot from C.
arizonica, C. sempervirens and P. excelsa with ethanol:
H20 indicated the presence of different bioactive phenols.
Matairesinol (MAT) and dienestrol (DIN) was the
predominant lignans in ethanolic extract of C. arizonica
wood knot. Matairesinol (MAT) was the main component
of C. sempervirens wood knot extract. Matairesinol (MAT),
secoisolariciresinol  (SEC), nortrachelogenin (NTG),
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70 -

D
o
1

DPPH Inhibition (%)
S
o

dihydro diconiferyl alcohol and conidendrin were the main
identified bioactive phenols in P. exselsa wood knot.
Purification with TLC using dichloromethane:ethanol
effectively excluded sugars impurities from raw ethanolic
extract. Addition of potassium acetate to C. arizonica raw
ethanolic extract led to an increase in the contribution of
matairesinol (MAT) and arctigenin (ARC). In addition to
phenolic compounds, other moieties in ethanolic caused an
increase in total radical scavenging activity.

BHA unpurified C. purified with purified with precipitated unpurified C. unpurified P.

arizonica

DCM:EtOH CH3COOK with

sempervirens excelsa

CH3COOK

Fig. 7. Free DPPH radical scavenging potency of purified and unpurified extracts (DPPH concentration: 0.5 mg/ml).
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Fig. 8. Iron (II) chelating capacity assay of purified and unpurified extracts (Ferrous concentration: 2 mg/ml).
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