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Abstract 

Extraction of flavonoids from Japanese larch (Larix leptolepis) wood with water was 

carried out to prepare a termite feeding deterrent. A two-stage procedure for the 

extraction was adopted. The first extraction step was performed at ambient temperature 

(22 C) and the second at elevated temperatures ranging 50-100 C. The first step mainly 

gave a mixture of polysaccharides together with small amount of flavonoids. At the  
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second step, the yield of extract and its chemical composition were greatly affected by 

the temperature. The yield of solubilised carbohydrates steadily increased with a rise in 

the temperature, while the overall yield of flavonoids reached its optimum at 70 C. An 

additional increase in the temperature resulted in a decrease in the yield. Model 

experiments using dihydroflavonols confirmed the occurrence of oxidative 

dehydrogenation and/or intramolecular rearrangement during the hydrothermal 

treatment at higher temperatures. The crude water extracts showed strong feeding 

deterrent activities against the subterranean termite, Coptotermes formosanus, in a 

choice paper disc assay. The extracts containing flavonoids in large quantities exhibited 

potent termite feeding deterrent activities. 

 

Keywords: Water extracts, Flavonoids, Hydrothermal degradation of dihydroflavonols, 

Termite feeding deterrent, Larix leptolepis  

 

1. Introduction 

Although synthetic pesticides remain the primary method used to prevent termite 

attack on wooden structures, the increased environmental regulation and a desire for the 

decreased synthetic chemical dependence have aroused interest in the use of naturally 

occurring termite toxicants, feeding deterrents and repellents. Extractives from woods 

and barks having termite resistant activity have been under investigation for many years 
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(Kawaguchi et al., 1989; Scheffrahn, 1991; Escoubas et al., 1995; Lajide et al., 1995a, b) 

and have provided some promise as low hazard termite control agents. Among these, 

flavonoids are the most promising because of their wide distribution in the plant 

kingdom. 

 

The wood of Japanese larch (Larix leptolepis (Seib. et Zucc.) Gord.) is characterised 

by the high contents of hydrophilic components, i.e., dihydroflavonols (Yasuda et al., 

1975) and arabinogalactan (Aspinall et al., 1968). Recently Ohmura et al. (1999, 2000a) 

reported that flavonoids present in L. leptolepis wood showed strong feeding deterrent 

activities against the subterranean termite, Coptotermes formosanus Shiraki, while the 

arabinogalactan from the wood had a feeding preference activity to the termite, 

indicating the water extracts from the wood to be potentially useful in the termite control 

as a deterrent or an attractant. 

 

Although dihydroflavonols and arabinogalactan are hydrophilic in nature, the 

solubilities of dihydroflavonols in water are dependent upon temperature. In contrast, 

arabiongalactan is easily extracted with cold water. Therefore, termite feeding deterrents 

having different activities can be prepared by extraction of the wood with water at 

different temperatures. In this study, a two-stage extraction from L. leptolepis wood with 

water was adopted. The wood meal was first extracted with water at ambient 
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temperature (22 C) in order to obtain a fraction which was mainly composed of 

arabinogalactan. Portions of the extracted wood meal were further extracted with water 

at elevated temperatures ranging 50 to 100 C. We assessed the effect of temperature on 

the flavonoid content in the extracts. The feeding deterrent activity of the extracts 

against C. formosanus was also evaluated.  

 

2. Methods 

2.1 Extraction 

The wood of L. leptolepis was ground in a Willey mill to pass through a 1 mm screen, 

and then sieved to eliminate particles more than 0.5 mm diameter (32 mesh). The 

resulting wood meal (300 g) was extracted with water (2  4.5 l) at ambient temperature 

(22ºC) for 2  24 h (First step). The extracted residue was filtered off and washed with 

water. The extract and washing were combined, concentrated in vacuo and freeze-dried 

to give a pale brown powder in 6.5% (w/w) yield (CW-E). Portions of the extracted 

wood were further extracted with water (5.7 l) at temperatures ranging 50 to 100ºC for 

48 h (Second step). After filtration, the extract and washing were combined, 

concentrated in vacuo and freeze-dried to give a dark brown powder (50-E, 60-E, 70-E, 

80-E, 90-E and 100-E). 

 

The ground wood (0.2 kg) was also extracted exhaustively with methanol (4  1.2 l) 
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at ambient temperature (22 C) for 4  12 h. After filtration, the methanol extract and 

washing were combined, concentrated in vacuo and freeze-dried to give a dark brown 

powder in 2.9 % (w/w) yield (M-E). 

 

2.2 Quantitative analyses 

Flavonoids in each extract were analyzed by high performance liquid chromatography 

(HPLC) on a Waters 600E equipped with a μ Bondasphere 5 μ C18 100 Å column 

(150  3.9 mm i.d., Waters) and an ultraviolet (UV) detector (280 nm). A solvent 

mixture of methanol and 0.2% phosphoric acid (40/60 v/v) at a flow rate of 0.5 ml min-1 

was used as an eluent. The amount of each flavonoid in the extracts was determined 

using the calibration curve of an authentic sample (Ohmura et al., 2000a). 

 

To determine sugar composition, the water extracts were subjected to complete acid 

hydrolysis using the procedure of Effland (1977). To 25 ml of each extract, 0.9 ml of 

72% sulfuric acid was added. The solution was refluxed for 1 h, and then the 

hydrolysate was quenched to ambient temperature. The hydrolysate was filtered to 

remove insoluble precipitates.  After the addition of a known amount of meso-erythritol 

as an internal standard, the filtrate was neutralised with barium hydroxide, followed by 

centrifuging. The supernatant was concentrated in vacuo, transferred into a 10 ml 

volumetric flask and finally diluted to volume with water. HPLC was used for the 



 6 

characterisation of carbohydrates in the hydrolysates (Pettersen et al., 1984). An HPX 

87P column (300  7.8 mm, Bio-Rad) was employed for the determination of each 

neutral sugar.  

 

2.3. Isolation of dihydroflavonols 

Sawdust (1.0 kg dry material (DM)) of L. leptolepis was defatted with n-hexane (7 l) 

at ambient temperature (22 C) for 48 h. The defatted sawdust was extracted with 

acetone (3  9 l) at ambient temperature (22 C) for 3  48 h. The acetone extract (11.4 

g) was concentrated in vacuo and diluted with H2O. The resulting suspension was 

extracted with 2-butanone (3  0.2 l). The 2-butanone extract (10.9 g) was 

chromatographed on silica gel with a solvent mixture of benzene and acetone (4/1 v/v) 

to afford crude crystals of compounds 1 (0.3 g) and 2 (2.1 g) separately. Compounds 1 

and 2 were identified as (+)-aromadendrin and (+)-taxifolin, respectively, by comparison 

with authentic samples (Ohmura et al., 2000a). 

 

2.4. Hydrothermal treatment of dihydroflavonols 

A solution of test compound (20 mg) in 0.2 M acetate buffer (pH 3.46, 2 ml) was 

placed in a 10 ml glass ampoule. The pH of the buffer solution corresponded to that of 

the hot-water extract of steamed larch heartwood (Ohmura et al., 1999). After the 

atmosphere in the ampoule was replaced with nitrogen, the ampoule was sealed off and 
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placed in an electric oven at 100 C for designed times ranging 0.2 to 32 h. The reaction 

mixture was extracted with ethyl acetate and concentrated in vacuo. The solid residue 

was dissolved in 80% aqueous methanol and the amounts of reaction products were 

analysed in the same manner described for the determination of flavonoids. For 

separation of diastereomers of aromadendrin and taxifolin, a portion of the residue was 

subjected to fractionation through a reversed phase HPLC (Shimpak VP ODS, 150  4.6 

mm i.d., Shimadzu). A gradient solvent system of 5% acetic acid and methanol was 

employed. 

 

2.5. Three-choice feeding assay 

Workers of C. formosanus were collected from a laboratory colony maintained in the 

dark at 28 C and 80% relative humidity (RH) at the Forestry and Forest Products 

Research Institute, Tsukuba, Japan. 

 

The feeding assay was performed using the method reported by Ohmura et al. (2000b). 

The test chamber was made of a plastic cup (top i.d.: 60 mm; bottom i.d.: 50 mm; 

height: 50 mm) with a 5 mm plaster layer in the bottom. The cup had a 20 mm diameter 

hole to supply water through dampened absorbent cotton spread under the cup (Fig. 1). 

The plaster layer was covered with fifty grams of sea sand (15-20 mesh, Junsei 

Chemical), and three small plastic saucers were placed on the sea sand.  
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The water extracts (CW-E, 60-E, 70-E, 80-E and 100-E) and methanol extract (M-E) 

were dissolved in aqueous methanol. A number of paper discs (thickness: 1.5 mm; 

diameter: 8 mm, Advantec Toyo) were each permeated with one of the solutions, and 

dried at 60 C for 12 h followed by vacuum drying for 24 h. The treatment retentions of 

the extracts were double (Dose 1) and four times (Dose 2) their original content in the 

wood. For control discs, the paper discs were impregnated with 70% aqueous methanol 

and dried in the same manner described for the preparation of the test discs.  

 

In the three-choice feeding test, two discs containing the extract at different 

concentrations (Doses 1 and 2) and a control disc were placed on different plastic 

saucers, and 100 workers of C. formosanus were introduced into each chamber. The 

chambers were maintained at 26 C and 85% RH in the dark for 3 d. After the test period, 

the discs were weighed to determine the mass losses due to the termite attack. Three 

replicates were made for each feeding assay. Statistical analyses were conducted with 

Tukey-Kramer HSD test using the computer software (SAS Institute, 1989) 

 

3. Results and discussion 

Table 1 shows the yields of water extracts of L. leptolepis wood and their sugar 

compositions. Extraction of the wood with water at ambient temperature (22 C) yielded 
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a mixture of hydrophilic extractives in a yield of 6.5% (w/w) (CW-E). The extract was 

mainly composed of polysaccharides (85.2% w/w based on CW-E), especially 

arabinogalactan. It gave on complete acid hydrolysis arabinose and galactose in a 

proportion of 2:15, together with small amounts of glucose, xylose and mannose. The 

content of galactose residue in CW-E was higher compared with those in larch 

arabinogalactans reported previously (Côté et al., 1966; Aspinall et al., 1968), indicating 

that, in addition to arabinogalactan, CW-E also contained small quantity of 

galactoglucomannan. 

 

In the subsequent extraction at elevated temperatures (Second step), the yield of 

extract and its sugar composition were greatly affected by the temperature. The yield of 

solubilised carbohydrates steadily increased with a rise in the temperature. The 

increased yield is probably due to leaching of hemicelluloses, especially 

galactoglucomannan and arabinoxylan at higher temperatures. 

 

As shown in Table 2, on extraction of the wood with water at ambient temperature, a 

mixture of flavonoids was obtained in 0.52% yield (w/w on DM basis). Flavonoids in 

the extract were exclusively composed of two dihydroflavonols, (+)-aromadendrin (1) 

and (+)-taxifolin (2). The overall yield of flavonoids corresponded to about 50% of the 

extractable flavonoids (M-E, 1.08% on DM basis). In the subsequent extraction at 
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elevated temperatures (Second step), the overall yield of flavonoids increased with 

rising temperature and reached its optimum at 70 C. An additional increase in the 

temperature resulted in a decrease in the yield, suggesting the occurrence of 

hydrothermal degradation of flavonoids at higher temperatures. 

 

It has been found that (+)-taxifolin was converted to the corresponding flavonol, 

quercetin (6), in high yields by the simple process of refluxing with acid, neutral 

bisulfite or aqueous alkaline solution (Kurth, 1953; Gregory et al., 1957). The increased 

yields of kaempferol (5) and quercetin (6) at higher temperatures suggested the 

occurrence of similar oxidative dehydrogenation of dihydroflavonols during the 

extraction process. Recently Ohmura et al. (2002) reported that hydrothermal treatment 

of dihydroflavonols at 170 C for 1 h gave the corresponding auronols by 

dehydrogenation followed by intramolecular rearrangement. In addition, it is well 

known that dihydroflavonols are readily isomerised even under mild conditions to afford 

a mixture of stereoisomers arising from asymmetry at 2- and 3-positions (Tominaga, 

1960; Kasai et al., 1988, 1991). (+)-Aromadendrin and (+)-taxifolin were, therefore, 

subjected to hydrothermal treatment at 100 C in order to confirm the occurrence of 

hydrothermal degradation of dihydroflavonols during the extraction process. 

 

When (+)-aromadendrin was used as a substrate, the reaction mixture gave three main 
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spots on thin layer chromatogram (Si gel 60 F254, Merck; solvent system: toluene/ethyl 

formate/formic acid, 5/4/1 v/v). They were identified as a mixture of stereoisomers of 

aromadendrin, maesopsin (3) and kaempferol (5) by comparison of their Rf-values with 

those of authentic samples. Separation of the stereoisomers into aromadendrin and 

epiaromadendrin was performed by a reversed phase HPLC. Both aromadendrin and 

epiaromadendrin formed might be a mixture of corresponding enantiomers, respectively 

(Ohmura et al., 2002). However, in this study, no attempt was made for the 

determination of each enantiomer. For the hydrothermal treatment of (+)-taxifolin, 

taxifolin, epitaxifolin, alphitonin (4) and quercetin (6) were detected in the reaction 

mixture. Similarly taxifolin and epitaxifolin formed might be a mixture of corresponding 

enantiomers, respectively. These results demonstrate that different modes of 

intramolecular rearrangement and oxidative dehydrogenation simultaneously occurred 

under the reaction conditions. 

 

Figs. 2 and 3 show the yields of degradation products from (+)-aromadendrin and 

(+)-taxifolin, respectively, as a function of time. The epimers of the substrates formed 

rapidly under the reaction conditions studied. Their amounts reached a maximum after 2 

h of reaction time and then leveled off. Similarly, the amounts of the auronols (3 and 4) 

formed increased as the time increased until 16 h and then leveled off. On the other hand, 

the formation of flavonols (5 and 6) steadily proceeded under the conditions studied. 
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Because the delocalised  electrons of conjugated double bond between 2- and 

3-position would stabilise the pyran ring in flavonols (Ohmura et al., 2002), no further 

degradation of these flavonols occurred. These results indicate that prolonged extraction 

with water at 90 C and above results in an extensive degradation of dihydroflavonols 

present in the larch wood.  

 

The water extracts (CW-E, 60-E, 70-E, 80-E and 100-E) and methanol extract (M-E) 

were subjected to the three-choice feeding assay using C. formosanus in order to 

evaluate their termite feeding deterrent activity. As shown in Table 3, CW-E showed 

distinct feeding deterrent activity against the termite (p 0.05), although it was mainly 

composed of arabinogalactan having a termite feeding preference activity (Ohmura et al., 

1999). The effect of arabinogalactan on the termite feeding may be rather weak, 

compared with that of flavonoids. The other crude extracts, at two different 

concentrations (Doses 1 and 2) showed strong feeding deterrent activities in the choice 

paper disc assay (p 0.05). In particular, the extracts containing flavonoids in large 

quantities exhibited potent feeding deterrent activities to the termite. The reduced 

activity of 100-E could be explained by the hydrothermal degradation of 

dihydroflavonols during the extraction process.  

 

In conclusion, the crude water extracts from L. leptolepis wood are potentially useful 
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as a termite control agent. 
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Figure Captions 

Fig. 1. Diagram of the test chamber for termite feeding assays.  

 

Fig. 2. Time-course plots for the epimerisation and dehydrogenation of 

(+)-aromadendrin (1) at pH 3.46 and at 100 C. 

 

Legend: -●-: Aromadendrin; -○-: maesopsin; -■-: kaempferol; -□-: epiaromadenrin. 

Both aromadendrin and epiaromadendrin formed may be mixtures of their enantiomers. 

 

Fig. 3. Time-course plots for the epimerization and dehydrogenation of (+)-taxifolin (2) 

at pH 3.46 and at 100 C. 

 

Legend: -●-: Taxifolin; -○-: alphitonin; -■-: quercetin; -□-: epitaxifolin. Both taxifolin 

and epitaxifolin formed may be mixtures of their enantiomers. 
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Table 1.  Yield of water extracts from Larix leptolepis wood and their sugar 

composition 

Yield (%)a Sugar composition (%)b Extract Total Carbohydrate Glu Xyl Gal Ara Man 
CW-E 6.5 5.5 0.5 0.1 87.0 11.5 1.0 
50-E 0.9 0.2 4.2 0.9 68.7 9.3 16.9 
60-E 1.3 0.2 6.4 1.2 52.8 26.4 13.2 
70-E 1.8 0.5 5.5 1.9 43.1 35.8 13.7 
80-E 2.1 0.7 5.3 2.3 46.6 31.2 14.6 
90-E 5.9 3.0 9.2 13.4 22.5 23.2 31.7 
100-E 11.4 7.3 12.5 17.0 19.2 6.8 44.5 

aDry material (DM) basis. 

bGlu: Glucose; Xyl: Xylose; Gal: Galactose; Man: Mannose. 
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Table 2.  Yield of flavonoids in the hydrophilic extracts of L. leptolepis wood 

Yield (  10-2 %)a Extract 
Total Naringenin Kaempferol Aromadendrin Quercetin Taxifolin 

CW-E 52.02 0.07 trb 5.27 0.07 46.61 
50-E 29.89 0.09 0.01 4.37 0.05 25.37 
60-E 40.05 0.17 0.04 5.40 0.29 34.15 
70-E 45.04 0.22 0.02 6.25 0.07 38.48 
80-E 43.50 0.11 0.04 5.48 0.57 37.30 
90-E 37.71 0.77 0.06 4.78 0.12 31.98 
100-E 7.98 0.05 0.06 1.03 0.80 6.04 
M-E 108.15 0.58 0.38 13.08 0.32 93.79 
aDM basis. 

bLess than 5  10-3. 
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Table 3.  Mass losses of paper discs permeated with hydrophilic extracts of L. 

leptolepis wood in three choice feeding assay using workers of Coptotermes formosanus 

Weight loss ( %)a Extract Control Dose 1b Dose 2b 
CW-E 29.2±0.1 4.3±0.6 0.9±0.1 
60-E 16.5±0.9 0.5±0.4c 1.1±0.2c 
70-E 15.8±2.5 0.1±0.1c 0.2±0.1c 
80-E 12.9±2.0 0.5±0.2c 1.1±0.3c 
100-E 28.5±1.3 2.9±0.3c 6.9±1.8c 
M-E 26.8±3.0 2.2±0.3c 2.4±0.3c 
aEach figure is the mean ± standard error. 

b The retention level of the extracts in Doses 1 and 2 are corresponding to double and 

four times, respectively, to their original contents in the wood.  

cNo significant difference at 95 % confidence limit was observed between Doses 1 and 

2. 
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