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Coniferous cones as a forestry waste biomass - a source of antioxidants
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Introduction

The cones of conifers are a waste biomass, potentially be utilized for a variety of purposes, including the extraction of bioactive materials, particularly antioxidant polyphenols. In the present work
we conducted a comparative analysis of the antioxidant content of selected taxa that are either common in Hungary or that have not yet been investigated in any great detail (Cedrus atlantica,
Larix decidua, Picea abies, Pinus mugo, Pinus nigra, Pinus sylvestris, Pinus wallichiana, Tsuga Canadensis, Tsuga heterophylla, Pseudotsuga menziesii, Chamaecyparis lawsoniana, Taxodium
distichum, Thuja occidentalis, Metasequoia glyptostroboides, Thuja orientalis, Cryptomeria Japonica, Cunninghamia lanceolata). A comparison of different maturation stages (green, mature, and
opened cones) was carried out. Folin-Ciocalteu total phenol content, ferric reducing antioxidant power (FRAP) and 2,2-diphenyl-1-picrylhydrazyl (DPPH) assays were used to assess the
antioxidant contents. Total antioxidant power was determined by a scoring system that combined the three assay results. For each taxon the overall best results were found for green cones,
followed by mature, and opened cones. Taxa with the highest scores were Tsuga Canadensis, Metasequoia glyptostroboides, Chamaecyparis lawsoniana, Cryptomeria Japonica, Thuja orientalis
and Picea abies. High-performance liquid chromatographic/tandem mass spectrometric profiling of the polyphenols was completed for selected samples. Results provide a basis for future
bioactivity testing of these samples.

Samples and extraction Antioxidant capacity measurement
- Samples originated from the Botanical Garden of the University of Folin-Ciocalteu total polyphenol content (TPC)
Sopron, Sopron, Hungary Ferric Reducing Antioxidant Power (FRAP)
- 17 taxa were Iinvestigated; green, mature and opened cones 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity

Chromatographic (HPLC-PDA-ESI-MS/MS) measurements

HPLC: Shimadzu LC-20 liquid chromatograph

MS: AB Sciex 3200 QTRAP® LC/MS/MS system

Stationary phase: Phenomenex Synergy Fusion-RP 80A, 250 mm x 4.6 mm,

4um , 40 °C

Mobile phase: A (water + 0.1% formic acid), B (acetonitrile + 0.1% formic acid).

Gradient elution (2%B — 100%B, 106 min.), 1.2 mi/min.

Sample injection: 15 pl

Detection:

1. MS/MS detection (negative electrospray ionization, 80-1300 m/z; MS/MS
experiments) for identification

2. PDA detection (250-380 nm) for monitoring the separation of peaks

- Samples were ground, then extracted (0.45 g + 45 ml 4:1
acetone:water mixture for 30 minutes by sonication).

Antioxidant capacity of the samples

TPC (mg GAE/g dw.) FRAP (mg AAE/g dw.) DPPH (ICs0) (ng extractives/ml) o
Polyphenol profiling by HPLC-PDA-ESI-MS/MS
Green Mature Opened Green Mature Opened Green Mature Opened
Atlas cedar 88.41+1.68 14.96+224 7.46+026 62.08+3.132  448+0.11 3.37+0.10 21.44 +2.94 88822 590+ 15.87 8 158 Procyanidin B cimer X x 577 425,407,269, 245,125
1286 1100 16.2 Procyanidin B dimer X X 577 425, 407, 289, 245, 125
17.0 (+)-Catechin X X 289 245, 203, 125, 123, 109
466 17.2 Procyanidi.n B Qimer X X 577 425, 407, 289, 245, 125
European larch 83.44 +4.27 2598+094 17.60+2.15 55.96 +0.93 14.18 +0.83 4.09£0.17 9.07 +1.39 1253 £0.38 28.21 +6.84 igj g::”"ge”fc acidisomer e
200 . orogenic acid isomer X 353 191, 179, 161, 135
6 21.7 (-)-Epicatechin X X 289 245, 203, 125, 123, 109
800 24.0 Unidentified X no ion  no negative ions
Norway spruce 105.58 £7.922b  64.64 £2.68 46.39+3.54 72.02+8762*» 50.19+2.08 28.35+3.37 10.75+0.32 9.38+1.14  8.57+0.17% e e X noion - no negative ions
700 25.3 Unidentified X 405 243, 225, 201
26.0 Unidentified X 405 243, 225, 201
600 26.3 Unidentified X X 465 447, 437, 303, 285, 259, 217, 179, 125
Mountain pine 95.76 +9.48* 22.33+331 1596+1.10 60.06+277  9.34+0.07 7.25+019 7.87+03l% 2783+373 18.86+0.14 27,1 Unidertifed X (51 465 47, 431,303, 285, 259, 217, 179,125
28 Undentted e o aorarsane
Black pine 89.22+4.79 19.70+£3.36 7.08 +0.34 58.21 +2.34 9.55 +0.52 4.50+0.17 15.33+£1.39 4590+2.69 62.32+1.90 233 unidentfied X T
300 . Quercet!n—O—hexos!de X X 463 301, 300, 271, 255, 179
B et x G 34131 207, 207 108, 163, 145
Scots pine 46.30+1.81 18.99+1.44 13.19+153 3342312  941+032 726+0.14 7240+21.26 29.32+1.10 22.88+0.54 0 R I N e e N
176 " - | B penifeoro3ioscs SEANE NN a—
Himalayan pine 62.52+£5.09 1776 +135 8.18+0.97 38.84+0.69  833+0.56 3.85+021 2572 +3.50 72.58 +7.23 T T T S e e R R I T T e e Tl e B N NS e ey
1454 5660 38.6 Isorhamnetin-O-hexoside X 477 315: 314, 300, 299, 271
51 38.9 Isorhamnetin-O-hexoside X 477 315, 314, 300, 299, 271
Eastern hemlock 157.25+9.98¢ 56.13+4.07 10.57+1.69 100.11+0.40° 46.57+1.02 594+0.25 7.83+029% 11.37+0.67 17.74+1.01 . = [ N I e
. 4015 Unklntfec-0-peosids 00 R 5.5z
Western hemlock 89.16 551 30.77+222 10.01+£177 59.11+173  31.03+155 453+0.09 11.16+1.37 1552+0.84 40.44+17.94 e o
= 459 Unidentted 5 e
Douglas fir 48.67+0.90 17.24+0.89 11.16+0.66 23.36+0.17 751028 3.61+£0.14 11.95+079 1440+1.24 10.18+0.79 ‘é_ B e e N 5
S i SN Ui W e
Lawson cypress 131.68 +4.35¢ 20.61+£227 1621+211 89.42+6.82<%  9.18+0.12 836+0.13 7.23+041* 2246+172 30.50+6.72 g w 50 2 LRI I O e N
2 e N e —
Bald cypress 70.99+449 5220+1.86 29.53+3.96 57.34+1.28 49.69 £5.07 42.42+3.29 845+0.74> 13.17+2.13 13.42+0.60 L o 54.4 Uniden;iﬁeclid x 521 179,162, 146, 135
500 54.7 Kaempferol derivative X 635 285, 284
, - = 2232522 acd et W T
Northern white-cedar 93.71 +5.472  39.96 +2.59 31.38 +2.57 76.46+3.442> 4981 +0.11 18.54 +0.83 9.93 £ 0.62 9.21£030 8.13+£0.55% 0 45 48 56.4 Coumaric acid derivative x 505 487, 457, 311, 163, 145, 119
200{ 37 39 46"1 43 44 47 49 57.4 Kaempferol-thamn.-hex.-rhamn. - x X 739 593,453, 285, 284, 255, 229
" 5 ; it i R b O
Dawn redwood 113.60 £4.81> 91.25+3.692 60.16 +8.23 129.16 +3.01f 147.00+6.838 61.43 £3.51 6.22+0.42c 4.42+0.074 7.15+0.87"c 46 48 50 52 5 5 59.7 Unidentified X x 445 417,399,315
46 60.7 Unidentified X X 401 333, 315, 289, 245
_— 69 21; Sozmatr.i;? e:jcid derivative X 232 :gi 2:2 ;11; 163, 145, 119
Chinese arborvitae 106.67 £2.762> 81.22 £5.30 68.88+4.91 78.49 £1.55>d 93,12 +£4.844 31.60 + 2.02 9.56 + 0.50 1576 £0.45 17.27+7.71 M 2521 Uriderti x(x 3 267: 233, 299
3200 .4 Unidentifie X X ) 17, , 25
64.0 Coumaric acid derivative X 667 521, 403, 323, 163, 145, 119
<000 64.6 Coumaric acid derivative X 653 638, 507, 489, 353, 329, 177, 163, 145, 119
Japanese cedar 131.74 £3.00c 74.18 £2.09 57.41+293 60.87 +5.21 41.04+2.08 24.16+086 10.13+0.76 1055+1.40 17.51+0.56 2800 222 Sn?jent?gej x 222 2?2 2;2 zz;
2600 67:4 U::dg:::f:gd i 471 425: 403: 353, 325, 285
2400 68.0 Unidentified X X 381 313, 269
China fir 92.24+1572 3636+229 3594133 67.99+888% 3720+2.68 20.65+144 9.03+1.19° 13.79+046 11.14+045 S5 B L] G Prda i e an ity
A 68 77.0 Unidentified X x 429 381: 299: %
1800 80.4 Unidentified X X 687 657, 301
- Highest antioxdant capacity was determined in green cones, followed by mature and opened cones. cx o avmam
- All of the three assays indicated different orders for the best results, which was explained with the e =1 =
. ., . . . . . . 1000 82.2 Unidentified X 455 409, 391, 387, 355, 287
different compositions of the extracts as well as with the different working principle of the assays. «ess a7, 424,392, 265
. . . . . 82.6 Unidentifie X x 721 417,335, 317
- To obtain a comprehensive measure of the overall antioxidant power of the samples and to consider the = B2 (LTI Ll = [
different selectivity of methods, the summarized evaluation of results of the three different methods was I 099 untenis o st
0 — 94.8 Unidentifie X 501 486
carried out using a scoring system. R A « s su
PDA (250-380 nm) chromatogram of spruce (blue) and eastern hemlock (red) green cone extracts and the list
Score = TPC « FRAP / DPPH ICso of identified compounds (S: Norway spruce, H: eastern hemlock)
Score - Highest scores (best overall antioxidant power) in the green
Green Mature Opened cones of eastern hemlock (2009.0), dawn redwood (2358.7), - Altogether 82 compounds have been tentatively identified for the first time from Norway spruce and
Atlas cedar 2560 08 0.4 Lawson cypress (1629.5), Japanese cedar (791.3), Chinese eastern hemlock green cones
European larch 5150 294 26 arborvitae (875.8) and Norway spruce (707.5) - Kaempferol-, quercetin- and isorhamnetin-O-glycosides, coumaric acid derivatives, chlorogenic acids, and
Norway spruce 7075 3458 1534 - Out of these taxa only Norway spruce and eastern hemilock flavan-3-ol compounds | | N
v . have not yet been investigated for their polyphenolic - Presented chromatographic/mass spectrometric data on the polyphenolic composition of the cone extracts
ountain pine 7304 7.5 6.1 - _ o _ _ _ _ o
Black pine 388 41 05 composition and bioactivity. contributes to the determination of the structure of unidentified compounds and to the research on the role
Scots pine 4 61 o of extractives in determining the bioactivity of cone extracts.
. . | | | - Results contribute to the valorization of cones and cone extracts in the future.
Himalayan pine 94 .4 2.7 0.4
Eastern hemlock 2009.0 2298 3.5
Lawson cypress 1629.5 8.4 4.4
Bald cypress 481.6  196.9 93.3
Northern white-cedar 721.7 216.2 71.5 _
Dawn redwood 2358.7 3033.6 516.7 / s

Chinese arborvitae 875.8 4799 126.0

Japanese cedar 7913 2887 792 pOIyphenOI pr()f”lng by

China fir 6946  98.1 66.6
Western hemlock 472 4 61.5 1.1 H P LC_ P DA_ ES I - M S/M S
Douglas fir 95.1 9.0 4.0 (lots of hard work..) standard way of cone utilization
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