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ABSTRACT

This study evaluated the methods of grafting commercial catechin with fatty acids, namely capric acid (C10), lau-
ric acid (C12), and myristic acid (C14) through esterification. Specimens of beech wood (Fagus sylvatica L.) were
impregnated with catechin and modified catechin-fatty acids, separately, at a 5% concentration diluted in ethanol
using vacuum pressure treatment and subjected to leaching. The weight percentage gain before leaching (WPG),
after leaching (WPGAL), and weight loss due to leaching (PL) were investigated. Both leached and unleached
samples were tested against white-rot fungi (Trametes versicolor) in Petri-dishes for twelve weeks. Results show
that samples treated with modified catechin-fatty acids provide improved resistance towards leaching. Catechin-
C14 was found to be more promising, possibly due to its chain length. The decay weight loss for samples treated
with modified catechin-fatty acids does not differ significantly between the samples that leached and not. Despite
the antifungal properties of catechin, the treatment with catechin alone was insufficient to protect wood samples
from fungi. Further, it is recommended to increase the concentration level of modified catechin to obtain a sig-
nificant effect on the decay resistance.
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1 Introduction

Nowadays, there has been a lot of research interest in developing a new sustainable wood protection
system that reduces biocide utilization. It comes as a result of environmental issues and regulations
pushing the development of new technologies to create new sustainable wood preservatives [1–5]. One of
those manners was identifying plant extractives compound from wood and its bark, which contains many
types of extractable polyphenols or tannins. Several studies have suggested that these compounds could
be utilized as an alternative for wood protection agents against several types of wood-decaying fungi.
Examples of tested compounds were flavonoids from the wood of Salix caprea L. [6]; condensed tannins
from bark complexed with copper [7]; Mimosa sp. and Quebracho sp. extracts [8]; or through synergistic
combinations such as tannin borate combinations [9]; and by addition of either a chelator, such as
ethylenediaminetetraacetic acid (EDTA), or an antioxidant, such as Irganox 1076 [10–13].
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Catechin is a hydrophylic flavanol possessing antioxidant properties [14]. It possess powerful radical
scavenging activity due to the presence of a catechol moiety on ring B and hydroxyl groups on ring C
[15]. Due to its antimicrobial and antifungal properties, catechin can potentially be applied as wood
protection agent [16–18]. It is reported that the antioxidant and free radical scavenging activities of
flavonoids, especially catechin, degrade wood polymers by inhibiting free radicals formed by wood
rooting fungi, and participate in the natural durability of wood against fungi [19–21].

Even if it is difficult to find a natural antifungal active against a wide range of wood colonizing fungi,
previous study carried out by Malterud et al. [6] reported that flavonoids are effective against wood rotting
fungi, but not against all microbial agents. Moreover, as stated above, flavonoids are soluble in water and
therefore easily leachable from wood, it seems therefore interesting to develop flavonoids derivatives with
potential increased biological activity and lower water solubility. In addition to the complexing and
antioxidant properties of flavonoids, esterification of these latter ones by fatty acid may confer them
hydrophobic properties, which may modify their biological properties (Fig. 1).

Clausen et al. [22] stated that the fatty acid chain could give hydrophobic properties, which is important
to increase the resistance against leaching. Studies conducted by Coleman et al. [23] and Pohl et al. [24]
reported that the low molecular weight aliphatic fatty acids such as pentanoic (C5) to decanoic acids
(C10), are effective against a wide range of fungal pathogens allowing their use as environmentally
friendly antifungal agents [22].

Beech wood is one of the most important commercial tree species in Europe that has been universally
used for furniture, plywood, particleboards or bentwood industry [25] presenting low natural durability and
suitable for impregnation treatment due to its high treatability [26]. The aims of this study are to modify the
catechin’s hydroxyl groups with fatty acid and to evaluate the effect of modified catechins as wood protection
agent. Different parameters as weight percent gain after impregnation, resistance to leaching, and decay
resistance to the white-rot fungus T. versicolor were investigated to evaluate the modified catechin’s
efficacy as a wood protection agent.

2 Materials and Methods

2.1 Materials
(+)-Catechin hydrate, capric acid, myristic acid, lauric acid, and all reactants were obtained from Sigma–

Aldrich Chimie, France.

2.2 Procedure for the Reaction of Esterification of Catechin
To a stirred solution of catechin (2 g, 6.89 mmol) in 25 mL acetonitrile, lauric acid 1 equivalent is added

directly, and after 10 min DCCI 1 equivalent is added drop by drop to the reaction mixture at 0°C, which is
stirred for 3 h at 0°C and 24 h at room temperature under N2 condition. Precipitated urea is then filtered off
and the filtrate evaporated down in vacuo. The residue is taken up in ethyl acetate and is washed with
saturated NH4Cl solution, saturated NaCl solution, saturated NaHCO3 solution, NaCl saturated solution,

Figure 1: Esterification of catechin by fatty acids
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and then dried over MgSO4. The solvent is removed by evaporation. Crystalline products can be obtained in
pure form by silica gel chromatography (cyclohexane: ethyl acetate/8:2). Esterification using other fatty alkyl
chain length were carried out in a similar manner.

2.3 Spectroscopic Characteristics
Products were identified using 1H and 13C Nuclear Magnetic Resonance (1H NMR and 13C NMR)

performed on Bruker AC-200 and 400 MHz. FTIR spectra were recorded on a Perkin Elmer Spectrum
2000. All the products and their description are presented in Figs. 2–8.

2.3.1 Catechin

1H NMR (DMSO-d6, 400 MHz): δ(ppm): 2, 30 (dd, 1H, J = 8, 1 Hz, J = 16, 1 Hz, 4ax); 2, 67 (dd, 1H,
J = 5, 4 Hz, J = 16, 1 Hz, 4eq); 3, 87 (ddd, 1H, J = 5, 4 Hz, J = 8, 1 Hz, J = 7, 5 Hz, 3); 4, 49 (d, 1H, J = 7, 5 Hz, 2);
4.86 (s, 1H, 3-OH); 5, 7 (d, 1H, J = 2, 4 Hz, 6); 5, 9 (d, 1H, J = 2, 4 Hz, 8); 6, 6 (dd, 1H, J = 2.1 Hz, J =
8, 3 Hz, 6’); 6, 69 (d, 1H, J = 8, 3 Hz, 5’); 6, 73 (d, 1H, J = 2, 1 Hz, 2’); 8.84 (s, 1H, 3’-OH’); 8.86 (s, 1H,
4’-OH); 8.95 (s, 1H, 5-OH); 9.18 (s, 1H, 7-OH); 13C NMR (DMSO-d6, 400MHZ): δ(ppm): 80.94 (C2);
66, 26 (C3); 28 (C4); 156.40 (C5); 95.05 (C6); 156.12 (C7); 93.80 (C8); 155.31 (C9); 99.01 (C10); 130.54
(C1’); 114.45 (C2’); 144.79 (C3’); 144.79 (C4’); 115.2 (C5’); 118.6 (C6’).

2.3.2 Catechin-C10
Monoester:

1H NMR (DMSO-d6, 400 MHz) : δ(ppm) of 4’ regioisomer [3’regioisomer if different]: 0.83 [0.86]
(t, 3H, J = 7 Hz, Ha); 1.18–1.32 (m, 12H, Hb, c, d); 1.57–1.65 (m, 2H, He), 2.35 [2.32] (dd, 1H, J = 8, 4 Hz, J =
19 Hz, 4ax); 2.50–2.58 (m, 2H, Hf); 2.68 [2.70] (dd, 1H, J = 5.6 Hz, J = 19 Hz, 4eq); 3.81–3.87 (m, 1H, 3);
4.57 [4.51] (d, 1H, J = 7.6 Hz, 2); 5.03 [4.95] (d, 1H, J = 5.5 Hz, 3-OH); 5.71 [5.68] (d, 1H, J = 2.3 Hz, 6);
5.92 [5.85] (d, 1H, J = 2.3 Hz, 8); 6.77 [6.75] (dd, 1H, J = 2 Hz, J = 8.2 Hz, 6’); 6.93 [6.96] (d, 1H, J = 8.2 Hz, 5’);
7.03[7.06] (d, 1H, J = 2.1 Hz, J = 8.2 Hz, 2’); 8.95 [8.80] (s, 1H, 3’-OH or 4’-OH); 9.22 [9.19] (s, 1H,

Figure 2: Catechin

Figure 3: Regio-isomers of acylated catechin with capric acid (monoesters)
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5-OH); 9.61 [9.59] (s, 1H, 7-OH); 13C NMR (DMSO-d6, 400 MHZ): δ(ppm): 14.6(Ca); 22.7 (Cb); 25 (Cc);
29.1 (Cd, 4); 31.8 (Ce); 33.8 (Cf); 66.3 (C3); 80.7 (C2); 93.9 (C8); 95.4 (C6); 98.9 (C10); 115.9 (C2’); 125.7
(C5’); 122.2 (C6’); 130.6 (C1’); 138.1 (C3’); 148.7 (C4’); 155.3 (C5); 156.14 (C9); 156.5 (C7); 171.2 (Cg); IR:
1736 cm−1 (O-CO), 2853–2923 cm−1 (aliphatic chain), 3344 cm−1 OH phenolic; mp: 80°C –90°C.

Diester:

1H NMR (DMSO-d6, 400 MHz): δ(ppm): 0.81–0.85 (m, 6H, Ha,a’); 1.18–1.30 (m, 24H, Hb,b,c,c’, d,d’);
1.55–1.62 (m, 4H, He, e’), 2.33 (dd, 1H, J = 8, 4 Hz, J = 19 Hz, 4ax); 2.50 (m, 4H, Hf, f’); 2.68 (dd, 1H, J = 5,
6 Hz, J = 19 Hz, 4eq); 3.81–3.83 (m, 1H, 3); 4.57 [4.49] (d, 1H, J = 7.6 Hz, 2); 5.03 [4.97] (d, 1H, J = 1.5 Hz,
3-OH); 5.71 [5.62] (d, 1H, J = 2, 3 Hz, 6); 5.89 [5.65] (d, 1H, J = 2, 3 Hz, 8); 6.76 (dd, 1H, J = 2 Hz, J = 8,
2 Hz, 6’); 6.93 (d, 1H, J = 8, 2 Hz, 5’); 7.03 (d, 1H, J = 2.1 Hz, J = 8.2 Hz, 2’); 9.22 (s, 1H, 5-OH); 9.61 (s, 1H,
7-OH); 13C NMR (DMSO-d6, 400 MHZ): δ(ppm): 14.4 (Ca,a’); 22.7 (Cb,b’); 25 (Cc,c’); 29.1 (Cd,d’, 4); 32
(Ce,e’); 34 (Cf,f’); 66.9 (C3); 80.8 (C2); 94, 3 (C8); 96, 1 (C6); 99, 6 (C10); 123 (C2’); 123.7 (C5’); 126, 1 (C6’);
130.6 (C1’); 138.9 (C3’); 142 (C4’); 155.5 (C5); 156.6 (C9); 157, 09 (C7); 171.1 (Cg,g’); IR: 1736 cm−1

(O-CO), 2853–2923 cm−1 (aliphatic chain), 3344 cm−1 OH phenolic; mp: 80–90°C.

2.3.3 Catechin-C12
Monoester:

1H NMR (DMSO-d6, 400 MHz): δ(ppm) of 4’ regioisomer [3’regioisomer if different]: 0.85 [0.90]
(t, 3H, J = 7 Hz, Ha); 1.16–1.30 (m, 16H, Hb,c,d); 1.64–1.57 (m, 2H, He); 2.37 [2.30] (dd, 1H, J = 8.4 Hz, J =
19 Hz, 4ax); 2.50 (m, 2H, Hf); 2.68 [2.65] (dd, 1H, J = 5, 6 Hz, J = 19 Hz, 4eq); 3.81–3.83 (m, 1H, 3);
4.57 [4.45] (d, 1H, J = 7.6 Hz, 2); 5.05 [5.10] (d, 1H, J = 1, 5 Hz, 3-OH); 5.72 [5.68](d, 1H, J = 2, 3 Hz, 6);
5.92 [5.88] (d, 1H, J = 2, 3 Hz, 8); 6.76 [6.85] (dd, 1H, J = 2 Hz, J = 8, 2 Hz, 6’); 6.95 (d, 1H, J = 8, 2 Hz,
5’); 7.10 [7.05] (d, 1H, J = 2.1 Hz, J = 8.2 Hz, 2’); 8.85 [8.81] (s, 1H, 3’-OH or 4’-OH); 9.30 [9.22] (s, 1H,
5-OH); 9.65 [9.66] (s, 1H, 7-OH); 13C NMR (DMSO-d6, 400 MHz): δ(ppm): 14 (Ca); 22 (Cb); 24. (Cf);

Figure 4: Catechin modified with capric acid (diester)

Figure 5: Regio-isomers of acylated catechin modified with lauric acid (monoesters)
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28.6 (Ce,4); 31.4 (CC); 33.1 (Cg); 66.3 (C3); 80.6 (C2); 93.8 (C8); 95.4 (C6); 98.9 (C10); 115.9 (C2’); 122.2 (C5’);
125.5 (C6’); 130.7 (C1’); 141(C3’); 148.6 (C4’); 155 (C5); 156.18 (C9); 156.5 (C7) 171.6 (Cd); IR: 1736 cm

−1

(O-CO), 2853–2922 cm−1 (aliphatic chain), 3365 cm−1 OH phenolic; mp: 100–110°C.

Diester:

1H NMR (CDCl3, 400 MHz): δ(ppm) : 0.80–0.86 (m, 6H, Ha, a’); 1.2–1.30 (m, 32H, Hb, b’,c,c’, d,d’);
1.62–170 (m, 4H, He,e’), 2.36 (dd, 1H, J = 8.8 Hz, J = 16.21 Hz, 4ax); 2, 38–2.43 (m, 4H, Hf,f’); 2, 78
(dd, 1H, J = 5.7 Hz, J = 16.12 Hz, 4eq); 3.84 (ddd, 1H, J = 5.3 Hz, J = 6.8, 3); 4, 66 (d, 1H, J = 8.2 Hz, 2);
5.14 (d, 1H, J = 1.5 Hz, 3-OH); 5, 94 (d, 1H, J = 2, 11 Hz, 6); 5, 74 (d, 1H, J = 2, 17 Hz, 8); 7.23 (dd,
1H, J = 1.5 Hz, J = 6.54 Hz, 6’); 7.25 (d, 1H, 5’); 7.31(d, 1H, J = 2.2 Hz, 2’); 9 (s, 1H, 5-OH); 9.26 (s,
1H, 7-OH); 13C NMR (CDCl3, 400 MHz): δ(ppm): 13.9 (Ca,a’); 22.1 (Cb,b’); 25 (Cc,c’); 28.6 (Cd,d’);
31.4(Ce,e’); 33.2 (Cf,f’); 66.4 (C3); 80.2 (C2); 93.9 (C8); 95.5 (C6); 98.9 (C10); 122.3 (C2’); 123 (C5’);
125.7 (C6’); 138.4 (C1’); 141.6 (C3’,4’); 154.9 (C5); 156.1(C9); 156.5 (C7); 170.4(Cg,g’).

2.3.4 Catechin-C14
Monoester:

1H NMR (DMSO-d6, 400 MHz): δ(ppm) of 4’ regioisomer [3’regioisomer if different]: 0.84 [0.82]
(t, 3H, J = 7 Hz, Ha); 1.36–1.18 (m, 20H, H b,c,d); 1.60 (t, 2H, J = 7 Hz, He), 2.35 [2.36] (dd, 1H, J = 9 Hz, J =
17 Hz, 4ax); 2.46–2.53 (m, 2H, Hf); 2.68 [2.73] (dd, 1H, J = 5.4 Hz, J = 17 Hz, 4eq); 3.88–3.78 (m, 1H, 3);
4.57 [4.49] (d, 1H, J = 7.4 Hz, 2); 5.03 [4.95] (d, 1H, J = 1.5 Hz, 3-OH); 5.70 [5.60] (d, 1H, 6); 5, 88 [5.75] (d,
1H, 8); 6.76 [6.70] (dd, 1H, J = 2 Hz, J = 8.2 Hz, 6’); 6.89 (d, 1H, J = 8, 2 Hz, 5’); 7.03 [6.95] (d, 1H, 2’);
8.96 [8.90] (s, 1H, 3’-OH or 4’-OH); 9.21 [9.15] (s, 1H, 5-OH); 9.60 [9.62] (s, 1H, 7-OH); 13C NMR
(DMSO-d6, 400 MHz): δ(ppm): 14 (Ca); 22 (Cb); 24.5(Cc); 28.8 (Cd, 4); 31.3 (Cd); 33.3 (Cf); 68.3 (C3);
82.3 (C2); 95.5 (C8); 96.5 (C6); 100 (C10); 117.1 (C2’); 119.6 (C5’); 123.5 (C6’); 132.3 (C1’); 141 (C3’);

Figure 6: Catechin modified with lauric acid (diester)

Figure 7: Regio-isomers of acylated catechin modified with myristic acid (monoesters)
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149.6 (C4’); 156.7 (C5); 157.2 (C9); 157.8 (C7) 172.1(Cg); IR: 1736 cm−1 (O-CO), 2852–2922 cm−1

(aliphatic chain), 3367 cm−1 OH phenolic; mp: 130–140°C.

Diester:

1H NMR (CDCl3, 400 MHz): δ(ppm): 0.81–0.85 (m, 6H, J = 6.3 Hz, Ha); 1.23–1, 29 (m, 40H, Hb,c,d);
1.62 (m, 4H, He,e’), 2, 40 (dd, 1H, J = 8, 9 Hz, J = 16 Hz, 4ax); 2.51–2.56 (m, 4H, Hf,f’); 2, 78 (dd, 1H, J = 5,
4 Hz, J = 16 Hz, 4eq); 3.86 (ddd, 1H, J= 6.24 Hz, J= 14.21 Hz, 3); 4, 65 (d, 1H, J = 8.16 Hz, 2); 5.12 (d, 1H,
J= 5 Hz, 3-OH); 5, 94 (d, 1H, J = 2, 15 Hz, 6); 5, 74 (d, 1H, J = 2, 15 Hz, 8); 7.27 (dd, 1H, 6.54 Hz, 6’); 7.25
(d, 1H, J = 6.54 Hz, 5’); 7.31(d, 1H, J = 2.2 Hz, 2’); 8.9 (s, 1H, 5-OH); 9.25 (s, 1H, 7-OH); 13C NMR
(CDCl3, 400 MHz): δ(ppm): 13.9 (Ca,a’); 22.3 (Cb,b’); 24.6 (Cc,c’); 28.9 (Cd,d’, 4); 31.4(Ce,e’);
33.7 (Cf,f’); 66.4 (C3); 80.1 (C2); 93.8 (C8); 95.5 (C6); 99.1 (C10); 122.3 (C2’); 123.2 (C5’); 125.5 (C6’);
138.6 (C1’); 141.3 (C3’); 141.5 (C4’); 154.9 (C5); 156.1(C9); 156.5 (C7); 170.4 (Cg,g’).

2.4 Wood Impregnation
Conditioned sapwood portion of beech wood (Fagus sylvatica L.) samples were cut into dimensions of

2.5 cm × 1.5 cm × 0.5 cm (L × R × T). Prior to impregnation, wood samples were dried at 103 ± 2°C for 48 h
to obtain their anhydrous weight (m0). Catechin and modified catechin-fatty acids were used for wood
impregnation after dilution at 5% concentration in ethanol (m/v), resulting in four treatments.

Oven-dried wood specimens were placed in a 250 mL beaker inside a desiccator equipped with a two-
way tap and subjected to a 90–110 mbar vacuum for one hour. Afterward, the samples were taken out from
the beaker and oven-dried at 103 ± 2°C for 24 h until reaching the constant weight (m1). Sixteen replicates
were used for each impregnation. The weight percentage gain (WPG) was calculated by the difference
between the oven-dried weight of the samples before and after impregnation (Eq. (1))

WPG ¼ ðm1 � m0Þ
m0

� 100 (1)

where m0 is the initial anhydrous weight before impregnation (g) and m1 is the anhydrous weight after
impregnation (g).

2.5 Leaching Procedure
Leaching procedure was carried out according to the standard NF X41–568 [27]. Eight wood specimens

from each treatment were immersed in 90 mL of distilled water and subjected to six successive leaching
periods of increasing duration under continuous shaking at 20 ± 2°C. In the first period, the specimens
were leached for 1, 2, and 4 h with replacement of water between each leaching cycle. Afterward, the
specimens were removed and kept at air for 16 h. A second period of leaching was then continued for 8,
16, and 48 h. After completion of all the leaching cycles, the samples were oven-dried at 103 ± 2°C for

Figure 8: Catechin modified with myristic acid (diester)
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24 h, and their weight measured (m2). Weight percent gain after leaching (WPGAL) and percentage of weight
loss due to leaching (PL) were then determined (Eqs. (2) and (3))

WPAL ¼ ðm2 � m0Þ
m0

� 100 (2)

PL ¼ ðm1 � m2Þ
m1

� 100 (3)

where m0 is the initial anhydrous weight before impregnation, m1 is the anhydrous weight after
impregnation, and m2 is the anhydrous weight after leaching.

2.6 Decay Resistance
Treated and untreated wood samples were exposed to the white-rot fungus Trametes versicolor, strain

CTB 863 A according to a procedure inspired from the EN 113 standard [28]. Sterile culture medium
(20 mL) was prepared from malt (25 g) and agar (40 g) in distilled water (1 L). The solution was poured
into 9 cm Petri-dish. After the solidification of medium, a small piece of mycelium was inoculated in the center
of each Petri dish. Petri dishes were incubated for approximately 15 days at 22 ± 2°C and 70 ± 5% relative
humidity to allow colonization of the surface by the mycelium. After being sterilized at 110°C for 20 min, all
wood samples, including untreated wood as control and treated wood samples before and after leaching, were
put in Petri-dishes and incubated for 12 weeks (3 wood samples for each Petri dish). Each experiment was
triplicate. After this period, mycelia were cleaned from the wood specimen, and then oven-dried at 103 ± 2°C
for 24 h and weighed. Weight loss (WL) due to fungal attack was determined following Eq. (4):

WL ¼ ðma � mb Þ
ma

� 100 (4)

where ma is the anhydrous weight before being exposed to fungi (g) and mb is the anhydrous weight after being
exposed to fungi (g).

2.7 Data Analysis
T-test analysis was used to compare the data from each specimen and treatment. The data were analyzed

to see their groupings and determine whether or not two sets of data from each specimen are significantly
different. The analysis was conducted using Microsoft Excel, R [29], and RStudio.

3 Results and Discussion

3.1 Reaction of Catechin with Fatty Acids
Fig. 9 illustrated the regioselective acylation of catechin. Yields of reactions of catechin with fatty acids

are presented in Table 1. Monoesters are obtained in good yields, ranging from 65% to 70%. The highest
yield was obtained with C12 fatty acid, leading to 70% of monoester and 8% of diester. The formation of
diester could be considered as a secondary product. In these conditions of reaction, the two regioisomers
are obtained in the proportions 70/30 with the 4’ regioisomer as the major product regardless of the
length of the chain. The determination of this regioselectivity was made by examining the literature and
comparing in particular the 1H and 13C NMR spectra [30–34].

Regioselectivity of the reaction can be explained based on the acidity of the different phenolic groups.
First of all, phenolic groups of catechol moiety (ring B) are more acidic due to the proximity of the two
electronegative oxygen atoms compared to the two phenolic groups of ring A. Then, phenol in position
4’ is believed to present a higher acidity compared to phenol in position 3’ due to its distance from the
electron donor inductive alkyl group in position 1’. Consequently, reaction take place mainly at the 4’

JRM, 2022, vol.10, no.6 1497



position due to the easier deprotonation of hydroxyl group by DCCI acting as weak base. Once formed, the
monoester may be stabilized by intramolecular hydrogen bonding with hydroxyl group in 3’ position limiting
its reactivity. Formation of the diester occurred as a by-product under the reactional conditions used in this
study. Such reactivity has already been described in the literature [30–34].

Modification of catechin with fatty acids results in products with an amphiphilic behavior possessing
both hydrophilic and hydrophobic properties. Hydrophobic part reduces the release of the compound
impregnated in wood, while at the same time, the hydrophilic part allows formation of a stable
suspension in water [35].

3.2 Characteristics of Treated Wood and Its Leachability
The results on WPG, WPGAL, and PL are illustrated in Fig. 10, with their statistical grouping presented

in Table 2. Treatment with catechin alone produces the lowest WPG (3.02%) and differs significantly from
those modified with fatty acids. The WPG increased with the treatment of catechin and fatty acids (3.92%
−4.18%); however, there is no significant difference between them (see Table 2).

Figure 9: Regioselective acylation of catechin

Table 1: Yield of catechin modified with fatty acids

Treatment Yield (%)

Monoester 4’/monoester 3’ Diester

Catechin-C10 45/25 5

Catechin-C12 45/25 8

Catechin-C14 42/28 6
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Statistically, the leaching process has a significant effect on all treatments related to the WPGAL results.
Samples treated with catechin showed the highest leachability compared to the modified ones. A negative
value on WPGAL is possibly caused by some water-soluble extractives that were leached during the test.
Results indicated that the leachability decrease evidently when treating catechin with myristic acid,
possessing the highest WPGAL and lowest PL. It can be understood because this type of fatty acid has
the longest chain, which represents the hydrophobic properties (more resistant to water). This also
confirmed that the increase of hydrophobicity with longer chain length might reduce their solubility in
water [22–24]. However, no statistical difference was observed for the samples treated with catechin-
C10 or catechin-C12 regarding their weight losses (PL). The addition of fatty chains to the catechin is
believed to increase the resistance to leaching due to additional hydrophobic properties.

3.3 Decay Resistance
The results of weight loss are evident for the untreated beech wood (51.49%), showing the vigorous

fungal activity of T. versicolor under test conditions (Fig. 11). Table 3 presents the weight loss of samples
after being exposed to T. versicolor.

Samples treated with catechin alone presented lower weight losses, 40.93% and 37.06% for the leached
and unleached samples respectively, compared to untreated beech wood, which presented weight loss of
51.49%. In a previous experiments conducted by Laks et al. [7], samples treated by catechin at 4%
concentration presented weight loss up to 42% and did not differ significantly from their controls.
Another study conducted by Tascioglu et al. [8] showed the same trend, while use of plant extracts used
at 3% and 6% such as mimosa and quebracho lead to high percentage of weight losses up to 37%–51%.
It is obvious that catechin alone at 5% concentration was inadequate to protect wood efficiently.

Figure 10: Boxplot results of WPG, WPGAL and PL

Table 2: Percentage of weight gain after impregnation (WPG), after leaching (WPGAL), weight loss after
leaching (PL), and their statistical groups

Treatment WPG (%) WPGAL (%) PL (%)

5% catechin 3.02 ± 0.35 (a)* −1.14 ± 0.20 (a)* 4.04 ± 0.42 (a)*

5% catechin + C10 4.18 ± 0.15 (b)* 1.87 ± 0.10 (c)* 2.22 ± 0.16 (b)*

5% catechin + C12 3.92 ± 0.35 (b)* 1.57 ± 0.29 (b)* 2.26 ± 0.42 (b)*

5% catechin + C14 4.00 ± 0.26 (b)* 2.25 ± 0.16 (d)* 1.68 ± 0.14 (c)*
Note: *According to a one-way analysis of variance, systems not connected by the same letter are largely different at the 5% level.
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While the modification of catechin and fatty acids seem to improve their leachability, it can be noted that
the decay weight loss does not differ significantly between the samples that leached and not. The specimens
treated with catechin and C10 fatty acid experience the highest weight loss (30.25% and 30.19%), while
specimens treated with catechin and C14 fatty acid have the lowest weight loss (29.62% and 28.79%).
However, there is no significant difference between them.

Literature studies reported that the hydrophobic groups of saturated fatty acids possess an important role
in bioactivity, with an increase of the chain length led to increased antifungal efficiency [36,37]. In our case,
the addition of fatty chains to catechin tends to reduce leachability of modified catechin as the chain length
increases, while the chain length seems to have less effect on decay durability contrary to literature results.
Nevertheless, further studies need to be conducted to obtain the threshold level of catechin against wood-
decaying fungi.

4 Conclusions

The potential of catechin for wood protection can be optimized by selectively change its properties
through chemical modification, notably to reduce its leachability. The combination of antifungal and

Figure 11: Aspect of wood samples after exposure to Trametes versicolor

Table 3: Weight loss of the treated and untreated wood after being exposed to T. versicolor

Samples Treatment Weight Loss (%)

5% catechin Leached 40.93 ± 5.34 (ab)*

Unleached 37.06 ± 1.42 (bc)*

5% catechin−C10 Leached 30.25 ± 1.66 (bc)*

Unleached 30.19 ± 3.70 (bc)*

5% catechin−C12 Leached 30.78 ± 3.25 (bc)*

Unleached 28.77 ± 4.91 (c)*

5% catechin−C14 Leached 29.62 ± 2.28 (bc)*

Unleached 28.79 ± 4.17 (c)*

Untreated beech wood 51.49 ± 4.97 (a)*
Note: *According to a one-way analysis of variance, systems not connected by the same letter are different at the 5% level.
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hydrophobic properties may improve efficiency of catechin derivatives. Results suggested that catechin
modified with myristic acid (C14) provides better resistance towards leaching. Moreover, no significant
differences were observed in the decay weight loss for the samples treated with modified catechin with
fatty acids before or after leaching. It is believed that the addition of fatty alkyl chain increased resistance
to leaching. However, it is recommended to increase the concentration of modified catechin to obtain
significant effect on decay resistance. It would also be interesting to consider the combination of these
compounds with already used wood preservatives in order to increase the effectiveness of the treatment
solution through a potential synergistic effect due to the antioxidant effect of catechin derivatives.
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