Elvtra, Tokyo. 28 (2): 293-297, November 15, 1996

Analysis of Wood Sugars in the Dead Wood Eaten by the Larvae of
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Abstract The sugar contents in the dead wood eaten by the larvae of C. lignarius
and P angularis are analyzed by using gas-liquid chromatography (GLC). The content of
xylose in all the C. lignarius samples is markedly small, whereas those in the samples of P
angularis is relatively large. The contents of alkaline extractives and total wood sugars in
all the samples of C. lignarius correspond to those of the advanced decay stage of brown
rotten wood, and those of the samples of P angularis to those of various stages of white
rotten wood.

Both Ceruchus lignarius and Prismognathus angularis are small-sized lucanid
beetles with overlapped distribution in the Cool-temperature Zone of Japan. The previ-
ous studies (AravA, 1993 a-b) revealed that C. lignarius is stenophagous for advanced
decay stage of brown rot, whereas P angularis is euryphagous for both decay stages
and decay types.

Holocellulose is the total sugar content in wood cell wall and is a mixture of both
cellulose and hemicellulose. Of these, cellulose consists solely of glucose, whereas
hemicellulose is non-cellulosic polysaccharides comprising various sugars such as glu-
cose, galactose, mannose and xylose. Compared with cellulose, hemicellulose is easily
decomposed by wood decaying fungi, and composition of each hemicellulose fraction
changes in a characteristic fashion depending on both the decay type and stage (TAKA-
HASHI, 1986). Thus, detailed analysis of wood sugars is needed to know precisely rela-
tionship between the occurrence of lucanid larvae and chemical properties of the de-
cayed wood. In the present study, the sugar contents in the dead wood eaten by the lar-
vae of C. lignarius and P angularis are analyzed by using gas-liquid chromatography
(GLC).

Materials and Methods

Sample materials. Four pieces of wood in which the larvae of C. lignarius oc-
curred and four in which P angularis occurred were collected randomly at Inabu-cho,
northeastern Aichi Prefecture, the same place as in the previous studies in 1990
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Fig. 1. Gas-liquid chromatograms of wood sugars analyzed as their alditol acetates in a sample of C.
lignarius (top, sample No. 1) and a P angularis (bottom, No. 5) with their relative retention times to
inositol (tp). R=rhamnose, t,=0.15; A=arabinose, 1,=0.23; X=xylose, 1,=0.30; M=mannose,
1 =0.65; Ga=galactose, 1,=0.74: Gl=glucose, t,=0.81; I=inositol (internal standard).

(ARAYA, 1993 a-b). Decay types and wood species were identified by macroscopic ob-
servation for each sample. A small wood piece was taken from the vicinity of a 3rd
(final) instar larva in the collected dead wood piece. The wood piece was ground into
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Table 1. The results of analysis of chemical components in the wood samples.
Sam- Lucanid Tree Alkaline®
ples spe- spe- Decay Rham- Arabi- Xy- Man- Galac- Glu-  Total extrac-
code cies cies type nose nose lose® nose tose cose  sugar tives
Ya) %a) (%) (%) (%) (%) (%) (%)
1 Cl Fe BR. 03 ND 1.6 0.2 ND. 143 164 774
2 Cl Fe BR. ND. ND. 22 ND. 0.1 183 206 772
3 Cl Qm B.R. ND. N.D. 1.8 1.3 0.2 16.2 19.5 79.8
Bl Cl Bp B.R. 0.5 0.3 27 0.6 N.D. 12.0 16.1 77.5
5 Pa Fc WR. 1.0 1.0 15.7 1.2 ND. 269 458 334
6 Pa QOm WR. 0.6 N.D. 33 ND. ND 140 17.9 50.7
7 Pa Qm WR. 0.6 0.6 13.3 1.0 ND. 169 324 45.1
8 Pa Bp W.ER. 1.5 1.3 220 ND. ND. 269 517 339
9 Fe S.W. 0.8 035 16.1 0.8 N.D.  39.0 57.0 22.1

Cl=Ceruchus lignarius; Pa=Prismognathus angularis: Fc=Fagus crenata; Qm=Quercus mongolica;
Bp=Betula platyphvila; B.R=brown rot.; W.R.=white rot.; $.W=sound wood.; N.D=not determined.
*significantly different between the samples of C. lignarius and P angularis (p<<0.05, MANN-WHITNEY S U-
test).

meal, and then contents of wood sugars and alkaline extractives were analyzed for each
sample. The analysis was also made for a piece of sound wood of the Japanese beech,
Fﬂg’!!’.‘;‘ crenaltd.

Analysis of alkaline extractives. Alkaline extractives were calculated from
weight loss after refluxing the wood meal with 1% sodium hydroxide solutions for one
hour at 100°C. These include extrancous components (protein, pectin, tannin, etc.),
low-molecular weight lignin and hemicellulose.

Analysis of wood sugars. Lipophilic components were removed from the wood
meal by extraction with ethanol/benzene (1/1) in the same way as in the previous study
(ARAYA, 1993 b), and then the wood meal was hydrolyzed with 72% sulfuric acid. Acid
hydrolysates, which include wood polysaccharides, were reduced with sodium borohy-
dride, and then the reduced monosaccharides, i.e. alditols, were analyzed by GLC after
acetylation: alditol-acetate method (see BORCHARD & PIPER, 1970; SHINODA & INABA,
1985 for detail). Inositol solution was added as the internal standard (Alditol-Acetates
Method, see SHINODA & INABA, 1985 for detail). GLC analysis was performed on a
Shimadzu GC-14 Gas Chromatograph equipped with FID detector. The alditol ac-
etates were separated on a glass column (2mXx3.0mm L.D.) packed with 3%
ECNSS-M coated on Gas Chrom Q (60-80 mesh). Carrier gas: N,, 1.25kg/cm’, col-
umn temp.: 190°C, injection and detection temp.: 230°C. The contents of each sugar
are calculated by using the formula shown by BorRCHARD and PipER (1970).

Estimation of decay stage. Decay stage was estimated by comparing the con-
tents of alkaline extractives and the total wood sugars (the latter was nearly equivalent
to the holocellulose contents) of each sample with those of the typical both brown and
white rotten woods (TAKAHASHI, 1986; ARAYA, 1993 b).
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Results and Discussion

Representative gas-liquid chromatograms for each species are shown in Fig. 1,
and the results of the analyses are listed in Table 1. All the results are presented as the
percentage to the moisture free samples weight.

All the materials from the wood eaten by C. lignarius contained significantly
larger amounts of alkaline extractives (77.2 to 79.8%) than those eaten by P angularis
(33.4 10 50.7%) (MANN-WHITNEY s U-test, p<<0.05).

In both C. lignarius and P angularis samples, the contents of galactose, mannose,
arabinose and rhamnose were quite small and not determinable in some samples. This
is because the contents of these sugars were also quite small in the sound wood. The
glucose contents of P angularis samples (14.0 to 26.9%) were relatively larger than
those of C. lignarius (12.0 to 18.3%), but no significant difference was detected. The
content of xylose in all the C. lignarius samples was markedly small (1.6 to 2.7%),
whereas those in the samples of P angularis was relatively large (3.3 to 22.0%) though
it varied considerably. Significant difference in the xylose contents was detected be-
tween the samples of two lucanid species (MANN-WHITNEY s U-test, p<<0.05).

The contents of alkaline extractives and total wood sugars in all the samples of C.
lignarius corresponded to those of the advanced decay stage of brown rotten wood
(total weight loss 40 to 50%), whereas those of the samples of P angularis to those of
various stages of white rotten wood (total weight loss 20 to 60%). These results agree
well with those of the previous study (ArAYA, 1993 b).

Brown rotten wood is fewer in frequency than white rotten one in cool tempera-
ture forest (ARAYA, 1993 a). It is known that brown rotten wood of the middle and ad-
vanced decay stages contains much greater amount of lignin than white rotten wood
does (TAKAHASHI, 1986; ARAYA, 1993 b). Lignin is generally regarded as a quantitative
digestion inhibiting factor for insects (OGUsHI, 1992). Further, as shown in the present
study, brown rotten wood contained markedly small amounts of wood sugars which are
regarded as calorific nourishments. These facts suggests that brown rotten wood (at
least that eaten by C. lignarius) is inferior to white rotten wood as diet. If so, it is
rather strange that C. lignarius is stenophagous for brown rotten wood in spite of its in-
feriority as diet.

Anyway, further rearing experiments of larvae using the brown and white rotten
wood of various decay stages will be necessary to confirm the above-mentioned sug-
gestion.
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