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ABSTRACT :

Cellulose-digesting bacteria were isolated from hindgut of Allomyrina dichotoma

(Coleoptera: Dynastidae). The bacterial isolates were identified as Yersinia sp. and Bacillus sp. The
addition of the identified bacteria to diet increased growth rate of the cetoniid beetle, Protaetia
brevitarsis senlensis (Coleoptera: Cetoniidae), probably by digesting cellulose nutrient contained in the
oak tree sawdust diet. An additive of wheat flour at more than 10% to the sawdust diet significantly
enhanced growth of P. brevitarsis senlensis. Trimmed branches of apple trees have been disposed in
the apple farms and could be used for a diet component of the cetoniid beetle when the
cellulose-digesting bacteria were mixed with the derived-sawdust. Resulting manure from mass rearing
of P. brevitarsis senlensis contained high organic matters and trace amounts of toxic metals. When the
manure were sprayed on soil, it was effective as a natural compost and significantly stimulated lettuce
growth. This research suggests a model technology to use cellulose-digesting bacteria to use for
culturing grub, which results in natural recycles of trimmed branches in apple farms as grub diet, and
to use grub manure as a natural compost. '

KEY WORDS : Allomyrina dichotoma, Bacillus, Cellulose, Compost, Gut bacteria, Natural recycling,
Protaetia brevitarsis senlensis, Yersinia
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(A)

Fig. 1. External and internal structure of Allomyrina dichotoma larvae. (A) A typical grub structure (B) Internal
structure focusing intestine (C) entire intestine, which can be divided into foregut (FG), midgut (MG), and hindgut
(HG).

Table 1. Biochemical characters of the bacteria isolated from hindgut of Allomyrina dichotoma larvae

Characters H1 H2 H3 H4 H5 H6 H7 H8 H9 H10
Gram test - - - - + - + + + +
Oxidase - + + - _ _ + _ + _
Catalase + - - + - + + + -

Oxygen demand' f f f f f f f f
Glycogen digestion + - - - - . - _ _ +

Lep represents facultative.

&3t WM 3 2oL o] Ml mek W E AbRelA wWo) AR &) HHolge A
o) B5-& ZXNAT ol F AR Belds B FATh
TR 23 S9o] Byt AkRAl oF 10% 9] LIt
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(H1 isolate) “ (H10 isolate)

Fig. 2. TEM photos of two different bacteria digesting cellulose isolated from hindgut of Allomyrina dichotoma larvae. The
bar represents 1 um.

Table 2. Family identification of ‘H1’ isolate from hindgut of Allomyrina dichotoma larvae

Reactivity1 of bacterial families

Characters H1 — -
Pasteurellaceae Vibrionaceae Enterobacteriaceae
Cell size (tm) 1.0-1.3 0.2-0.3 0.3-1.3 0.3-1.5
Rod-shaped + - d +
Motility - - + d
Oxidase - + + -

' ‘d’ indicates slight (76-89%) motility.

Table 3. Genus identification of 'H1’ isolate from hindgut of Allomyrina dichotoma larvae

Reactivity' of bacterial genus

Carbon source H1

Escherichia Salmonella Serratia Shigella Yersinia

Indole - + - - _ d
Methyl red + + + + + +
Voges-Proskauer + - - + _ +
D-glucose . . . . . .
acid production
D-glucose

- ¥ + d R )
gas production
D-adonitol - - - d - _
L-arabinose + + d + d "
D-arabitol + - - d _ d
cellobiose + - - d . +
Maltose + + + ¥ d ¥
D-sorbitol + - - d . .
D-xylose + + + + _ 4

47 = 90-100%; ‘d’ = 76-89%; ‘-' = 0-25%

Table 4. Family identification of 'H10’ isolate from hindgut of Allomyrina dichotoma larvae

Characters H10 Bacilliaceae
Gram test + +
Endospore + +
Cell shape rod rod/coccus

Y1’ represents rod shape.
*d’ indicates slight (76-89%) motility.
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Table 5. Genus identification of “H10’ isolate from hindgut of Allomyrina dichotoma larvae

Reactivity' of bacterial genus

Characters H10
Sporolactobacillus Clostidium Desulfotomaculum Bacillus

Rod-shaped + + + + N
Cell size (>2.5ym) - - - R }
Endospore + + + + +
Motility + + + + +
Gram + + + - +
Catalase + + + _

L-arabinose + + d N

Oxidase - ND - ND -
Glucose utility + + d - +
Facultative . ) ) ) .
anaerobic

4 = 90-100%; ‘d” = 76-89%; ‘- = 0-25%; ‘ND’ = not determined

Growth rate (%)

Sterile water H1 H10

Fig. 3. Effect of cellulose-digesting bacterial isolate, “H1* or
"H10°, on development of a grub, Protaetia brevitarsis seul-
ensis. Different letters indicate significant difference among
means at Type I error = 0.05 (LSD test).
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Fig. 4. Additive effect of wheat flour to sawdust diet on de-
velopment of a grub, Protaetia brevitarsis seulensis. All diet
treatments fermenting sawdusts used cellulose-digesting bacterial
isolate, ‘H1’ or ‘H10’. Different letters indicate significant diff-
erence among means at Type I error = 0.05 (LSD test).
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Fig. 5. Effect of a cellulose-digesting bacterial isolate (‘H10%)
on availability of apple branches as a diet source for devel-
opment of a grub, Protaetia brevitarsis seulensis. All tree samp-
les were macerated into sawdust and mixed with ‘H10’ bacterial
isolate for 4 weeks (see Materials and Methods).
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Table 6. Chemical composition of the manure of Protaetia brevitarsis seulensis larvae with references of commercial composts

Guide line

Chemical
emicals Byproduct compost

Composition

Green compost
v of the grub manure

(First Grade)

Total organic matter > 25% > 40% 499
Organic : Nitrogen < 50 < 40 99.8
Water content < 45% < 45% 38.6
NaCl < 1.0% < 1.0% 0.1
As < 50mg/kg < 25mg/ke Trace*
Cd < Smg/kg < 2.5mg/kg 0.1
Hg < 2mg/kg < 1mgfkg Trace
Pb < 150mg/kg < 75mgfkg Trace
Cr < 300mg/kg < 150mg/kg 2.7
Cu < 300mg/kg < 200mg/kg 7.6
Ni < 50mg/kg < 25mg/kg Trace
Zn < 900mg/kg < 500mg/kg 32.3

* ‘Trace’ means below detection limit
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Fig. 6. Effect of a grub, Protaetia brevitarsis seulensis, manure on growth of lettuce. The grub manure of the 3rd instar
larvae was collected and resuspended with sterile water. Three hundred mg of manure was sprayed on 10 lettuce plants
when the crop grew 10 cm in height. Lettuce growth was measured from 10 randomly chosen plants every 10 days
since the manure treatment. The asterisk indicates significant difference in means between treatment and control at Type

I error = 0.05 (LSD test).
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