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Waste stream

Spigno G. et al. (2007)1: “There is an increasing processing of agricultural wastes (such as
wine-making wastes) as a low-cost source of antioxidants (phenolic compounds)”

Yilmaz Y. and Toledo T.R. (2006)2: “Skins and seeds of grapes are produced in large quantities by the
wine making industry. These byproducts have become valuable raw materials for extraction of 
polyphenols. “

“Bark pine is a lumber industry sub-product that is produced when wood is transformed. It is a good 
source of phenolic compounds (Jerez et al., 2007)3 and its extracts have been reported to have several 
bioactivities including antioxidants (Ku et al., 2007)4, cardiovascular benefits (Gohil and Packer, 2002), 
and anti-diabetic effects (Schafer and Hogger, 2007).”

Ghitescu et al. (2015)5 “Spruce bark (picea abies) is a rich source of phenolic compounds with 
antioxidant activity.”



Waste stream – Apple tree wood

Introduction

Residues from the harvest of apple woods or wood processing are frequently used for 
applications with low added value such as energy or paper pulp (Dedrie et al., 2015; Ghitescu 
et al., 2015)5,6.

Haspenwood creates smoke chips for the barbecue. 

We want to do more: What is the phenolic profile and the antioxidant properties 
of apple tree wood extracts from the Malus domestica, also known as King 
Jonagold.
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Introduction

Waste products from the fruit industry: Fruit growers annually have hundreds of 

tons of wood waste

What is happening with the residues:

- Burning
- Smoke chips
- Smoke planks

The extraction of bioactive compounds from core wood and bark derived 
from apple wood (Malus domestica ‘King Jonagold’) 

Literature:

Xü et al. (2010) 7 reported the presence of phloretin in the bark 
of apple trees. Phloretin has been known mostly as a 
cosmeceutical ingredient.
Moreira et al. (2016) 8 has shown the potential of apple tree 
wood residues as a source of phenolic compounds.
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Processing of the apple wood

Processing of the apple wood

Data Analysis

Spectrophotometric analyses

RP-HPLC-PDA

Absorption

Core wood Bark Root

Shredding

Grinding

Pre-treatment:
- Oven drying at 60 °C
- Freeze Drying
- Fresh storage

UAE = Ultrasound Assisted Extraction 9

WSE = Warm Solvent Extraction 10

Extraction

EAE = Enzyme Assisted Extraction 11, 12
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- Oven-dried at 60 °C
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Influence of type of solvent?
Influence of the extraction technique?
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Shredding
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Preservation techniques:
- Oven drying at 60 °C
- Freeze Drying
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Treatment of the apple wood
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Processing of the apple wood

UAE = Ultrasound Assisted Extraction
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Extraction

Core wood Bark Root

Shredding

Grinding

Preservation techniques:
- Oven drying at 60 °C
- Freeze Drying
- Fresh storage

Treatment of the apple wood

Processing of the apple wood

Processing of the apple wood

EAE = Enzyme Assisted Extraction



Data Analysis

Spectrophotometric analysis

RP-HPLC-PDA

Absorption

Chromatogram

Spectrophotometric analysis:

• Total phenolic content (TPC): Folin-Ciocalteu methode 13, 14

• Total flavonoid content (TFC): Aluminium chloride method 15

• DPPH-RSA method: 2,2´-diphenyl-1-picrylhydrazyl radical 
scavenging activity 16

• FRAP method: Ferric Reducing Antioxidant Power 17

Analysis on the apple wood extracts

Analysis of the apple wood extracts

RP-HPLC-PDA:

• Calibration with 17 marker compounds
• Identification and quantification of the marker compounds in the extracts



Analysis on the apple wood extracts

RP-HPLC-PDA:

• Calibration with 17 marker compounds 18-20

Compound Retention Time Optimum

(RT) wavelength

(minutes) (nm)

(+)-Catechin 11.888 277

(-)-Epicatechin 17.978 277

(-)-Epicatechin gallate 23.748 276

p-coumaric acid 23.983 308

Ferulic acid 26.433 321

Caffeic acid 17.160 322

Vanillic acid 16.507 261

Gallic acid 5.540 269

Quercetin 48.157 368

Kaempherol-3-glucoside 41.214 347

Naringenin

Naringin

48.157

34.190
289
282

Rutin 35.953 353

Phloretin 49.962 285

Phloredzin 36.777 284

Procyanidin B1 9.117 279

Procyanidin B2 13.258 278

Analysis of the apple wood extracts
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Spectrophotometric analysis – TPC

Spectrophotometric analysis – TFC

Extractions performed with acetone/water mixtures from 40 up to 80 % v/v
• Highest TPC
• Highest TFC

Extracts derived from oven-dried core wood: 

TPC:  

TFC: 

Apple tree core wood - WSE

Results - Apple tree core wood - WSE
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Spectrophotometric analysis – reducing capacity

Extracts derived from oven-dried core wood: Antioxidant activity

Extracts obtained with 40% up to 80% v/v solvent mixture show the highest antioxidant activity.

Apple tree core wood - WSE

Results - Apple tree core wood - WSE



RP-HPLC PDA

Resultaten uitgedrukt
in mg/g DM

Apple tree core wood - WSE

Phenolic compound Fresh samples      Oven dried  Freeze Dried  

 Ethanol Water  Ethanol Water  Ethanol  Water 

  40 100  40 100  40 100 

Quercetin  -  -  ND ND  ND ND 

(-)-Epicatechin gallate 1.494 ± 0.001 1.541 ± 0.005  1.542 ± 0.001 1.575 ± 0.001  1.585 ± 0.002 1.379 ± 0.002 

(-)-Epicatechin 0.373 ± 0.040 0.570 ± 0.005  0.369 ± 0.009 0.461 ± 0.002  0.408 ± 0.014 0.504 ± 0.003 

(+)-Catechin 0.422 ± 0.023 ND  0.402 ± 0.025 ND  0.408 ± 0.032 ND 

Kaempferol-3-glucoside 6.312 ± 0.225 2.512 ± 0.058  3.754 ± 0.021 1.456 ± 0.027  5.380 ± 0.009 1.982 ± 0.038 

Naringin 0.179 ± 0.004 0.174 ± 0.002  0.135 ± 0.004 0.141 ± 0.001  0.173 ± 0.004 0.166 ± 0.001 

Naringenin ND ND  ND ND  ND ND 

Rutin 0.214 ± 0.003 0.111 ± 0.002  0.134 ± 0.004 0.090 ± 0.003  0.194 ± 0.005 0.096 ± 0.002 

Phloridzin 8.539 ± 0.043 5.784 ± 0.003  5.503 ± 0.010 3.774 ± 0.002  7.640 ± 0.005 4.774 ± 0.005 

Phloretin < LOD ND  0.012 ± 0.001 ND  ND ND 

               

Total Flavonoids  17.5 ± 0.4 10.7 ± 0.1  11.85 ± 0.08 7.50 ± 0.04  15.79 ± 0.08 8.90 ± 0.06 

         

Procyanidin B1 ND ND  ND 0.875 ± 0.003  ND 0.770 ± 0.002 

Procyanidin B2 0.187 ± 0.053 0.137 ± 0.004  0.248 ± 0.005 0.089 ± 0.002  0.224 ± 0.008 0.027 ± 0.005 

               

Condensed tannins 0.187 ± 0.053 0.137 ± 0.004  0.248 ± 0.005 0.964 ± 0.005  0.224 ± 0.008 0.797 ± 0.007 

         

Vanillic acid 0.135 ± 0.001 ND  0.127 ± 0.007 ND  0.144 ± 0.001 ND 

Gallic acid  - 0.401 ± 0.001  ND ND  ND 0.364 ± 0.001 

Ferulic acid 0.056 ± 0.008 ND  ND ND  ND ND 

p-Coumaric acid 0.063 ± 0.008 0.066 ± 0.001  0.064 ± 0.001 0.062 ± 0.001  0.060 ± 0.002 0.057 ± 0.001 

Caffeic acid ND ND  ND ND  ND ND 

               

Total Phenolic Acids  0.254 ± 0.017 0.467 ± 0.002  0.191 ± 0.008 0.062 ± 0.001  0.204 ± 0.003 0.421 ± 0.002 

               

Total amount of polyphenol 

markers 
17.9 ± 0.5 11.3 ± 0.2 

 
12.3 ± 0.1 8.5 ± 0.1  16.2 ± 0.1 10.1 ± 0.1 

 

Results - Apple tree core wood - WSE
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Spectrophotometric analysis – TPC

Spectrophotometric analysis – TFC

Apple tree bark - WSE

Results - Apple tree bark - WSE

Extractions performed in the presence of acetone/water mixtures:
• Highest TPC
• Highest TFC
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Spectrophotometric analysis – reducing capacity

Extractions performed in the presence of acetone/water mixtures show the highest antioxidant activity.

Extracts derived from oven-dried bark: antioxidant activity

Results - Apple tree bark - WSE



RP-HPLC PDA

Apple tree bark- WSE

Phenolic compound Fresh samples

(mg/g DM) Ethanol Water

40 100

Quercetin 0.254 ± 0.001 ND

(-)-Epicatechin gallate 1.410 ± 0.001 1.641 ± 0.003

(-)-Epicatechin 0.678 ± 0.006 0.306 ± 0.003

(+)-Catechin ND 0.300 ± 0.002

Kaempferol-3-glucoside 4.789 ± 0.009 0.939 ± 0.015

Naringin 0.169 ± 0.004 0.126 ± 0.001

Naringenin ND ND

Rutin 0.268 ± 0.002 0.055 ± 0.001

Phloridzin 34.77 ± 0.06 20.52 ± 0.02

Phloretin ND ND

Total Flavonoids 42.3 ± 0.1 23.9 ± 0.1

Procyanidin B1 0.868 ± 0.008 ND

Procyanidin B2 0.140 ± 0.003 0.206 ± 0.003

Condensed tannins 1.008 ± 0.011 0.205 ± 0.003

Vanillic acid ND ND

Gallic acid ND ND

Ferulic acid 0.144 ± 0.002 0.051 ± 0.001

p-Coumaric acid 0.068 ± 0.000 0.204 ± 0.001

Caffeic acid 0.309 ± 0.001 ND

Total Phenolic Acids 0.521 ± 0.003 0.254 ± 0.002

Total amount of polyphenol markers 43.8 ± 0.2 24.4 ± 0.2

Results - Apple tree bark - WSE



RP-HPLC PDA

Core wood VS bark
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Results – core wood VS bark



Core wood VS bark

Spectrophotometric analysis - TPC

Results – core wood VS bark

Core wood Bark
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Root

WSE 
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Spectrophotometric analysis – TPC

Spectrophotometric analysis – TFC

Apple tree root - WSE

Results - Apple tree root - WSE

Almost no difference between the type of solvent.

Extracts derived form oven-dried root samples showing lower amount of TPC and TFC.
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Spectrophotometric analysis – reducing capacity

Extractions performed in the presence of acetone/water mixtures show higher antioxidant activity.

Extracts derived from oven-dried root samples (FRAP assay): Antioxidant activity

Apple tree root - WSE
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Core wood VS  bark VS  Root

Spectrophotometric analysis - TPC Bark

Root

Results – core wood VS bark VS root

Core wood



Results

Core wood

UAE
- Spectrophotometric analysis
- RP-HPLC PDA

Results
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Spectrophotometric analysis – TPC

Spectrophotometric analysis – TFC

Extractions performed with acetone/water mixtures show similar results as the extractions performed 
in the presence of ethanol/water mixtures. 

Extracts derived from oven – dried core wood: 

TPC:  

TFC: 

Apple tree core wood - UAE

Results - Apple tree core wood - UAE
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Spectrophotometric analysis – reducing capacity

Extracts derived from oven-dried bark: antioxidant activity

Apple tree core wood - UAE

Extractions performed with acetone/water mixtures show similar results as the extractions performed 
in the presence of ethanol/water mixtures.

Results - Apple tree core wood - UAE



Phenolic compound Fresh samples

(mg/g DM) Ethanol Water

60 100

Quercetin 0.263 ± 0.003 ND

(-)-Epicatechin gallate 1.4012 ± 0.001 1.495 ± 0.011

(-)-Epicatechin 0.591 ± 0.008 0.574 ± 0.003

(+)-Catechin ND ND

Kaempferol-3-glucoside 6.718 ± 0.006 2.069 ± 0.098

Naringin 0.177 ± 0.001 0.181 ± 0.001

Naringenin ND ND

Rutin 0.243 ± 0.004 0.115 ± 0.002

Phloridzin 8.593 ± 0.006 5.126 ± 0.003

Phloretin ND ND

Total Flavonoids 17.99 ± 0.03 9.14 ± 0.78

Procyanidin B1 ND ND

Procyanidin B2 0.210 ± 0.127 0.129 ± 0.005

Condensed tannins 0.210 ± 0.127 0.129 ± 0.005

Vanillic acid 0.173 ± 0.002 0.125 ± 0.001

Gallic acid ND 0.362 ± 0.001

Ferulic acid 0.054 ± 0.001 ND

p-Coumaric acid 0.057 ± 0.001 0.062 ± 0.001

Caffeic acid ND ND

Total Phenolic Acids 0.284 ± 0.004 0.549 ± 0.003

Total amount of polyphenol markers 18.5 ± 0.2 9.8 ± 0.8

RP-HPLC PDA

Apple tree core wood - UAE

Results - Apple tree core wood - UAE
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Apple tree bark - UAE

Results - Apple tree bark - UAE
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Type of solvent does not influence the result. Pure water and pure solvent show lower results than the 
combinations water/solvent.

In almost all cases: oven-dried wood samples show decrease in TPC and TFC.
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Spectrophotometric analysis – reducing capacity

Apple tree bark - UAE

Type of solvent does not influence the result. Pure water and pure solvent show lower results than the 
combinations water/solvent.

In general, the freeze-dried wood samples show the highest reducing capacity.

No difference between fresh and oven-dried wood samples.

Results - Apple tree bark - UAE



Phenolic compound (mg/ g DM) Fresh samples

Ethanol
Water

Solvent (v/v %) 60 100

Quercetin 0.255 ± 0.003 ND

(-)-Epicatechin gallate 1.509 ± 0.001 1.470 ± 0.003

(-)-Epicatechin ND 0.298 ± 0.002

(+)-Catechin ND ND

Kaempferol-3-glucoside 5.836 ± 0.011 2.396 ± 0.022

Naringin 0.243 ± 0.008 0.137 ± 0.003

Naringenin ND ND

Rutin 0.298 ± 0.003 0.129 ± 0.002

Phloridzin 32.170 ± 0.053 24.003 ± 0.072

Phloretin < LOD ND

Total Flavonoids 40.31 ± 0.08 28.43 ± 0.11

Procyanidin B1 ND 0.955 ± 0.025

Procyanidin B2 ND 0.173 ± 0.004

Condensed tannins ND 1.128 ± 0.029

Vanillic acid ND 0.117 ± 0.001

Gallic acid ND 0.312 ± 0.001

Ferulic acid 0.155 ± 0.001 0.066 ± 0.001

p-Coumaric acid ND 0.152 ± 0.001

Caffeic acid ND ND

Total Phenolic Acids 0.155 ± 0.001 0.647 ± 0.004

Total amount of polyphenol markers 40.5 ± 0.1 30.2 ± 0.2

RP-HPLC PDA

Apple tree core wood - UAE

Results - Apple tree bark - UAE



RP-HPLC PDA

Core wood VS bark
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Root
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- Spectrophotometric analysis
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Spectrophotometric analysis – TPC

Spectrophotometric analysis – TFC

Apple tree root - UAE

Results - Apple tree root - UAE

Extracts obtained from oven-dried root show lower amount in TPC.
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Extractions performed with acetone/water mixtures show the highest results in TPC and TFC. This is the 
case for all pre-treatment techniques.



Spectrophotometric analysis – reducing capacity

Apple tree root - UAE

Extracts produced in the presence of acetone give the highest results.

Almost no difference between fresh and freeze-dried samples.

In general, extracts obtained by oven-dried samples showed the lowest reducing capacity.
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Results - Apple tree root - UAE



Phenolic compound Lyofilisation

Ethanol

Solvent v/v % 60 80

mg Quercetine / g DM - 0,279

mg (-) Epicatechin gallate / g DM - -

mg (-) Epicatechin / g DM 1,152 0,973

mg (+)-Catechine / g DM - -

mg Kaempherol-3-glucoside / g DM 4,901 4,800

mg Naringenin / g DM - -

mg Rutin / g DM 0,174 0,180

mg Phloretin / g DM 0,039 0,032

mg Phloredzin / g DM 51,863 52,641

mg Naringin / g DM 0,140 0,137

Total Flavonoids (mg / g DM) 58,27 59,04

mg Vanillic acid / g DM - -

mg Gallic acid / g DM - -

mg Ferulic acid / g DM 0,063 0,067

mg p-coumaric acid / g DM - -

mg Caffeic acid / g DM - -

Total Phenolic Acids (mg / g DM) 0,063 0,067

Procyanidin B2 / g DM 0,049 -

Procyanidin B1 / g DM - -

TOTAL Polyphenols (mg / g DM) 58,38 59,11

Apple tree root - UAE

RP-HPLC-PDA

Results - Apple tree root - UAE
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Bark

Solvent Fresh Air dried at 60 °C Lyofilisation

v/v % Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase

FLAVONOIDS

mg Quercetine / g DM - - - - - - - - -

mg (-) Epicatechin gallate / g DM 2,58 2,58 3,06 3,02 3,07 3,33 3,02 3,12 3,10

mg (-) Epicatechin / g DM 0,88 0,88 0,83 0,99 1,10 0,96 1,10 1,17 0,98

mg (+)-Catechine / g DM 0,54 0,53 0,74 - - 0,98 0,61 - 1,12

mg Kaempherol-3-glucoside / g DM 12,07 12,75 11,49 10,49 9,95 9,51 13,72 15,95 12,86

mg Naringenin / g DM - - - - - - - - -

mg Rutin / g DM 0,52 0,50 0,40 0,67 0,50 0,45 0,67 1,00 0,39

mg Phloretin / g DM 0,18 0,10 0,65 0,17 0,10 0,96 0,11 0,04 0,68

mg Phloredzin / g DM 50,86 57,94 43,92 44,33 40,75 30,58 60,34 88,91 37,26

mg Naringin / g DM 0,55 0,63 0,48 0,54 0,50 0,36 0,66 0,88 0,41

Total Flavonoids (mg / g DM) 68,18 75,91 61,57 60,22 55,96 47,12 80,23 111,06 56,79

PHENOLIC ACIDS

mg Vanillic acid / g DM - - - - - - - - -

mg Gallic acid / g DM - - - - - - - - -

mg Ferulic acid / g DM 0,16 0,21 0,10 0,27 0,23 0,12 0,26 0,49 0,10

mg p-coumaric acid / g DM - - - - - - - - -

mg Caffeic acid / g DM 0,57 0,57 0,65 0,67 0,69 0,70 0,65 0,72 0,72

Total Phenolic Acids (mg / g DM) 0,739 0,776 0,745 0,942 0,916 0,821 0,915 1,202 0,818

PROCYANIDINS

mg Procyanidin B2 / g DM 0,21 0,16 0,21 0,20 0,22 0,12 0,26 0,24 0,24

mg Procyanidin B1 / g DM - - - - - - - - -

Total Procyanidins (mg / g DM) 0,207 0,164 0,209 0,196 0,222 0,124 0,257 0,240 0,240

TOTAL Polyphenols (mg / g DM) 69,13 76,85 62,52 61,35 57,10 48,07 81,40 112,51 57,85

Phenolic profile of apple tree bark extracts
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CORE WOOD

Solvent Fresh Air dried at 60 °C Lyofilisation

v/v % Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase

FLAVONOIDS

mg Quercetine / g DM - - - - - - - - -

mg (-) Epicatechin gallate / g DM 2,71 2,73 2,75 3,10 3,37 3,40 3,55 3,12 3,11

mg (-) Epicatechin / g DM 1,87 0,98 0,97 1,09 1,05 1,07 0,84 0,83 0,85

mg (+)-Catechine / g DM 0,83 1,00 1,30 0,86 0,88 1,25 1,08 0,86 1,52

mg Kaempherol-3-glucoside / g DM 14,23 15,18 14,74 11,55 10,22 10,97 14,90 14,84 13,53

mg Naringenin / g DM - - - - - - - - -

mg Rutin / g DM 0,49 0,52 0,48 0,41 0,40 0,38 0,55 0,35 0,38

mg Phloretin / g DM 0,02 0,01 0,18 0,05 0,03 0,21 0,02 - 0,49

mg Phloredzin / g DM 17,79 18,86 17,41 14,42 13,56 12,80 18,88 18,79 13,50

mg Naringin / g DM 0,37 0,40 0,22 0,33 0,33 0,19 0,40 0,17 0,14

Total Flavonoids (mg / g DM) 38,32 39,69 38,04 31,81 29,85 30,27 40,22 38,96 33,52

PHENOLIC ACIDS

mg Vanillic acid / g DM 0,24 0,26 0,27 0,25 - 0,32 0,32 0,30 0,32

mg Gallic acid / g DM - - - - - - - - -

mg Ferulic acid / g DM 0,10 0,11 - 0,10 0,12 - 0,12 0,12 -

mg p-coumaric acid / g DM - - - - - - - - -

mg Caffeic acid / g DM - - 0,65 - - 0,79 - - 0,73

Total Phenolic Acids (mg / g DM) 0,347 0,376 0,920 0,357 0,120 1,108 0,437 0,426 1,045

PROCYANIDINS

mg Procyanidin B2 / g DM 0,77 0,90 0,64 0,33 0,27 0,48 1,07 0,92 0,77

mg Procyanidin B1 / g DM - - - - - - - - -

Total Procyanidins (mg / g DM) 0,772 0,898 0,637 0,327 0,273 0,481 1,071 0,918 0,767

TOTAL Polyphenols (mg / g DM) 39,44 40,96 39,60 32,49 30,24 31,86 41,73 40,31 35,33

Phenolic profile of apple tree core wood extracts
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Phenolic profile of apple tree root extracts

ROOT

Solvent Fresh Air dried at 60 °C Lyofilisation

v/v % Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase Visozyme_L Cellulase Pectinase

FLAVONOIDS

mg Quercetine / g DM - - - - - - 0,58 - 0,54

mg (-) Epicatechin gallate / g DM 3,06 3,28 3,10 3,47 3,40 3,59 3,53 3,38 3,35

mg (-) Epicatechin / g DM 1,10 1,01 0,96 1,46 1,28 1,17 1,19 1,66 1,11

mg (+)-Catechine / g DM 0,63 0,64 0,89 - - 0,79 - 0,78 1,01

mg Kaempherol-3-glucoside / g DM 11,31 10,51 12,88 5,50 6,83 6,38 13,61 16,34 11,62

mg Naringenin / g DM - - - - - - - - -

mg Rutin / g DM 0,22 0,33 0,28 0,18 0,20 0,16 0,47 0,53 0,30

mg Phloretin / g DM 4,18 3,33 4,34 1,24 1,03 1,91 1,24 2,78 3,22

mg Phloredzin / g DM 66,87 43,87 34,58 38,40 36,66 24,37 58,09 67,57 56,93

mg Naringin / g DM 0,29 0,26 0,17 0,27 0,28 0,14 0,31 0,38 0,33

Total Flavonoids (mg / g DM) 87,67 63,22 57,21 50,52 49,68 38,50 79,03 93,40 78,42

PHENOLIC ACIDS

mg Vanillic acid / g DM 0,24 0,25 0,27 0,34 0,28 0,30 0,30 0,27 0,27

mg Gallic acid / g DM - - - - - - - - -

mg Ferulic acid / g DM 0,11 0,11 0,10 - 0,10 0,12 0,13 0,14 0,11

mg p-coumaric acid / g DM - - - - - - - - -

mg Caffeic acid / g DM 0,65 0,61 0,62 - 0,69 0,74 0,69 0,67 0,67

Total Phenolic Acids (mg / g DM) 1,002 0,973 0,989 0,336 1,073 1,165 1,115 1,080 1,052

PROCYANIDINS

mg Procyanidin B2 / g DM 0,17 0,19 0,16 0,13 0,15 0,15 0,27 0,38 0,19

mg Procyanidin B1 / g DM 2,38 2,18 2,21 2,48 3,03 - 2,48 2,45 2,22

Total Procyanidins (mg / g DM) 2,546 2,371 2,375 2,608 3,179 0,147 2,741 2,828 2,415

TOTAL Polyphenols (mg / g DM) 91,21 66,57 60,57 53,47 53,93 39,81 82,89 97,31 81,89

Results - EAE



Conclusion

Conclusion

 Apple wood extracts contain a considerable amount of phenolic 
compounds with antioxidant activity. 

 Possibility of applying these type of extraction techniques at pilot scale.
 Valorization of the vegetable by-products as natural sources of 

functional substances for further use.

 Phloridzin is the major compound contributing to the phenolic 
composition, followed by kaempferol-3-glucoside.

 The highest amount of polyphenols was recovered from fresh samples, 
not the ideal process due to the large volumes that need to be stored.
 The amount of phenolic compounds and reducing power is 

considerably higher for freeze-drying process in correlation to 
oven-drying. 
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