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Table 1. Code description of different treatments in the experiment

Code name  Treatments

Husk Rice husk

Carbon Rice husk carbon

Ash Rice husk ash

Ster-H Bacterial cultures of Bacillus licheniformis TCLigB obtained from liquid medium
composed of 1% moleasis and 0.5% rapeseed meal was complexed with sterilized
rice husk

Ster-C Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 0.5% rapeseed meal was complexed with sterilized rice husk
carbon

Ster-A Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 0.5% rapeseed meal was complexed with sterilized rice husk ash

0.5B Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 0.5% rapeseed meal

1B Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 1% rapeseed meal

5B Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 5% rapeseed meal

10B Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis and 10% rapeseed meal

0.5Y Bacterial cultures of strain TCLigB obtained from liquid medium composed of
1% moleasis, 1% rapeseed meal and 0.5% yeast extract

-H Bacterial cultures of strain TCLigB complexed with non-sterilized rice husk

-C Bacterial cultures of strain TCLigB complexed with non-sterilized rice husk
carbon

-A Bacterial cultures of strain TCLigB complexed with non-sterilized rice husk ash

-X months  Storage X months of Bacterial cultures of strain TCLigB complexed with

different materials
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Fig. 1. Strain TCLigB grown in A: PVK medium, B: CMC medium, C: medium with phenol red and D:
medium with Azure B. The clear zone was observed in A and B; yellow color was observed in C
and blue color disappeared in D.
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Table 2. The pH, EC, water soluble nutrients and bacterial numbers in rice husk, rice husk carbon and rice

husk ash
. + ; Bacterial
Materials pH  EC NH,” NO; P K Ca Mg Na numbers
dS/m ppm CFU/g
Husk 6.5 0.8 62.3 7.7 112 2077.0 36 29.0 52.0 1.1+

+0.1* £0.0 +10.8 5.7 <£31.6 +92.7 435 +£2.0 2.1 0.4x10°
Carbon 7.1 1.3 9.0 9.3 346.0 3560.0 59.0 21.7 144.0 3.3+

+0.0 +0.0 +1.7 +42 433 +592 429 +0.6 2.1 1.5%10*
Ash 8.4 2.4 12.0 14.0 410.0 8307.0 4.0 99.7 112.0 9.7+

+0.2 £0.2 +4.6 +52 £23.6 +390.8 +0.6 +8.7 +3.8 2.4x10°

*mean £+ S.D
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Table 3. Bacterial number of strain TCLigB in rice husk, rice husk carbon and rice husk ash complex

within six months of storage

Treatment Bacterial number of strain TCLigB CFU/g
Ster-H-1 month* 1.4+0.1x10°
Ster-C-1 month 6.4+3.7x10’
Ster-A-1 month 7.0+£2.2x10’
Ster-H-2 month 7.540.3x10’
Ster-C-2 month 2.5£0.9%10’
Ster-A-2 month 2.9+1.8x10°
Ster-H-3 month 8.0+4.3x10’
Ster-C-3 month 2.1£0.6x10’
Ster-A-3 month 2.7+1.6x10°
Ster-H-6 month 3.8+2.2x10’
Ster-C-6 month 1.6+£0.2x10’
Ster-A-6 month 4.0£2.5%10°

*Ster: sterilized H: rice husk, C: rice husk carbon and A: rice husk ash Value: Mean+S.D
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Table 4.The pH ~ EC and water soluble nutrients in strain TCLigB complexed with rice husk, rice husk

carbon and rice husk ash within six months of storage

Treatment

pH EC NH," NOy P K Ca Mg Na
dS/m mg/kg
Ster-H-1 month* ~ 7.1+0.0%* 0.5£0.0 13.7£0.6 11.7+2.1  55.0+4.4 1452.0£11.5 41.642.5 25.0+1.0  42.3+5.1
Ster-H-2 month ~ 7.4£0.1  0.6£0.0 21.3+2.1 10.044.6  913+£32 1509.0+45.2 333+1.5 15.740.6  50.3+1.5
Ster-H-3 month ~ 7.3£0.0  0.6£0.0  7.7£0.6 3.3%0.6  34.7+5.1 1437.0£33.6 18.740.6 15.7£0.6  44.7+0.6
Ster-H-6 month ~ 7.4£0.0  1.4+0.1 13.749.8 26.3£13.6 231.7£19.7 3564.3%282.3  18.7+1.5 22.0£1.7  233.0+13.0
Ster-C-1 month ~ 7.4£0.0  0.8£0.0  7.0£1.7 230.6 217.0£9.8 2549.7£9.6 43.043.6 16.740.6  107.0+3.5
Ster-C-2 month ~ 7.2£0.0  1.1£0.0 20.0£2.7 11.040.6 2703429 2739.3+67.1 60.042.7 17.0+1.7  122.745.9
Ster-C-3 month ~ 7.3£0.0  1.0£0.0 16.7£0.6 3.0£0.0  254.0£1.0 2581.7+1.2 56.742.1 12.740.6  68.0+1.0
Ster-C-6 month ~ 7.2£0.1  1.1£0.0  10.0£1.7 18.0£3.5 303.7£39.7 3079.0+261.7  82.3%3.1 19.3x2.1  125.7+3.1
Ster-A-1 month ~ 8.8£0.1  3.1£0.0 10.7£0.6 22.7+3.5 423.7+152 9831.7460.9 7.7+0.6 104.043.6 123.3+5.9
Ster-A-2 month ~ 8.5£0.0  3.8£0.0 16.3£3.2 25.3=11.0 499.3+18.0 10472.04223.9  22.3+0.6 73.0¢11.5 150.0+3.6
Ster-A-3 month ~ 10.120.0  4.0£0.0 15.3£1.5 157+1.5 600.0£25.1 11127.0+334.0  10.0£1.0 77.3£1.2  122.3£26.0
Ster-A-6 month ~ 9.5£0.1  6.2+0.5 22.7+7.4 30.7£14.7 608.7£60.0 15667.01234.0 11.3x1.2 91.3£10.2 240.7+31.1

* Ster: sterilized H: rice husk, C: rice husk carbon and A: rice husk ash.

** MeantS.D
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AEEREE TCLigB BN A R E 5 H s 1S+0.5B 3.8X10% + 1S+1B 6.1X10° -
1S+5B 8.6X10% ~ 1S+10B 3.5X10° J 1S+1B+0.5Y 2.4X10° CFU/ml » A [EIE%E R 47 Bl 3 fEfgsatt
SRETE PNERE 10 X2 BB o HFLL 0.5B-C~0.5B-H~ 1B-C~5B-A~10B-H~ 10B-A -
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M R HR(1S+1B+0.5Y 5% 0.5Y)4CE 3 ff S 18 S HEEMEEE 722 10° CFU/g -
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DAFERE b Ry S i a ASEirin & 240 S - AENE S EREE MG R 2 & DI RS
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B DA S RS (OB (B DY) » R 15%% A 0.5B-C ~ 1B-C ~ 5B-C ~ 5B-A ~ 10B-A } 0.5Y-A >
Hooh DR 2 RER R - SR Y AR SR 15% o BTN VSR LR R E RS R E B
Azotobacter chroococcum A101 7388 5 54 30°C ££5y 3 {H B - Fgslskasd » Bk A101 B A 10°
CFU/g > 4RSI 22 10° CFU/g > JEERIsS » BUNERCRCORE N ELFEF By il ke -
A ESAERERELLT0C HEEZ R - i A AR A % - BURERCE M e F R i A rsas - 2w
FR P IE R 2 - AslBgdd Bl A 5 fEEREETI(0.5B-C ~ 1B-C ~ 5B-A ~ 10B-A J 0.5Y-A FzH4H)
7 BEEEAR: 10" CFU/g HARBFEHY 15% -

Rt 5 FEERREEIN=RNE 1 EH - 3EHA & 6 @H - BREFEBRFERRNR TN H
HUE 3 {E H 8L 6 {E H & LR 10B-A K 0.5Y-A 2 EAEEH R FEE R a st A YHee 2 JRE -
BUR 3 EM T AEOREERY - (E LK EA TR R EPE TCLigB Z #ig e - HH
FEHTE S H R TCLigB RS &AL SEAPHI F S BRI MR B Bl R LIRS B8 & % 10° CFU/ml
T7BEA R R BRI & U 2 HE R > SRR PR S B0’ CFU/g SRk s bR
A H pH S - SO ISR A& -

FEH 10B-A K 0.5Y-A REJRICE 1-6 i H 2 KSR T S E0FRAFvR » & 3 {EH pH
BETE > 1 3-6 [MHZ pH EMLiy/)\ - BEEEEPERCER M MEEEL - MRS A2 EE
HEs > HAth L — i3S - 10B-A K 0.5Y-A & 6 [ H & EERTA-E 15%  E2EHPR
TR FEIEE i pH AE A EBGE R ZR T » hFR5eE - slbatEst DUEREIKME R e IERRS - BEIX
B e S EREE A pHAHE -
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Fig. 2. Bacterial number of strain TCLigB cultured in different liquid media and respectively
complexed with rice husk, rice husk carbon and rice husk ash after10 days of storage at
room temperature.

*0.5B, 1B, 5B and 10B: Strain TCLigB respectively cultured in 1% molasses with 0.5% ~ 1% ~ 5%

and 10% rapeseed meal.0.5Y: Strain TCLigB cultured in 1% molasses, 1% rapeseed meal and 0.5%

yeast extract. C: rice husk carbon, H: rice husk, A: rice husk ash.
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Fig. 3. Contamination rate of rice husk, rice husk carbon and rice husk ash complexed with strain

TCLigB cultured in different liquid media after 10 days of storage at room temperature.
*0.5B, 1B, 5B and 10B: Strain TCLigB respectively cultured in 1% molasses with 0.5% -

1% ~ 5%

and 10% rapeseed meal.0.5Y: Strain TCLigB cultured in 1% molasses, 1% rapeseed meal and 0.5%
yeast extract. C: rice husk carbon, H: rice husk, A: rice husk ash.
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Fig. 4. Colonies of non-sterilized rice husk(A), rice husk carbon(B) and rice husk ash(C) complexed with
strain TCLigB cultivated in 1% molassess and 10% rapeseed meal after 10 days of storage.
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Table 5. Bacterial number of strain TCLigB and contamination rate in different rice husk carbon and rice
husk ash complexes after one, three and six months of storage

Treatment Bacterial numbers *10” CFU/g Contamination rate %
0.5B-C-1month* 3.3£1.1%* 65.6£12.6
1B-C-1month 3.6+1.2 19.4+11
5B-A-1 month 7.5+£3.5 17.6+8.5
10B-A-1 month 3.9+2.4 12.7+1.2
0.5Y-A-1 month 5.2+0.1 6.7£5.4
10B-A-3 month 13.6+4.4 6.7+2.7
0.5Y-A-3 month 4714 4.1£2.4
10B-A-6 month 9.0+£2.9 6.9+3.8
0.5Y-A-6 month 4.241.2 10.2+4.0

*0.5B, 1B, 5B and 10B: Strain TCLigB respectively cultured in 1% molasses with 0.5% ~ 1% ~ 5% and 10% rapeseed
meal. 0.5Y: Strain TCLigB cultured in 1% molasses, 1% rapeseed meal and 0.5% yeast extract. C: rice husk carbon,
A: rice husk ash

** MeantS.D
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Table 6. The pH, EC and water soluble nutrients of rice husk ash complexed with strain TCLigB
respectively cultivated in two different liquid media after one, three and six months of storage

Treatment pH EC NH," NOy p K Ca Mg Na

10B-A-1 month*  8.74£0.0*%* 2.7+0.0 31.3+19.0 55.0£26.5 478.7+18.5 7733.0£167.0 10.0£0.0  75.6x4.6 126.0+1.0
10B-A-3 month ~ 9.740.0  2.7£0.0 84.3#3.1 39.3%17.0 656.0+24.2 8639.3+411.5 15.7#1.5 104.0¢7.5 137.3+1.2
10B-A-6 month ~ 9.940.0  2.7#0.1 59.0£#3.0 70.747.0  542.3+26.8 7128.7+688.8 12.7+1.2  82.7+5.1 133.3+4.6
0.5Y-A-1 month ~ 8.9+0.0  2.6£0.1 15.7£1.6 16.7£3.1  443.0+156.0 7345.3+445.0 4.0£0.0  69.7+21.0 125.0+36.0
0.5Y-A-3 month ~ 9.9+0.0  2.7+0.0 37.0£2.6 13.0+4.6 757.3+27.1  8286+764.0 6.310.6  85.7+1.5 125.7+2.5
0.5Y-A-6 month  10.0+0.1  2.7+0.0 16.0+3.5 40.0t4.6 612.7+45.0 7755.3£538.2 5.310.6 643165 132.743.8

*10B: Strain TCLigB cultured in 1% molasses and 10% rapeseed meal.
0.5Y: Strain TCLigB cultured in 1% molasses, 1% rapeseed meal and 0.5% yeast extract. A: rice husk ash
** MeantS.D
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Table 7. The pH, water soluble phosphorous content, bacterial number of strain TCLigB and contamination
rate in Ca-P liquid media after inoculating with different complexes and incubating for 6 days

Treatment* pH Water soluble Bacterial numbers ~ Contamination rate,
phosphorous mg/L of strain TCLigB %
*10° CFU/ml
Strain TCLigB 5.8+0.1%* 42.9+£7.2 4.8+0.3 SHEE
Ster-H-3month 5.7+0.2 40.4+2.0 2.4+0.9 -
Ster-C-3month 5.4+0.5%* 89.8+0.2 3.6+1.5 -
Ster-A-3month 6.1+0.2 35.6+5.1 5.4+0.7 -
10B-A-3month 5.6+0.1 36.5+13 3.6+0.1 47.244.3
0.5Y-A-3month 5.840.1 45.9+5.5 3.8+0.6 21.3+8.3
Ster-H-6month 5.8+0.1 21.8+0.7 3.8+1.5 -
Ster-C-6month 6.0+0.3 41.2+1.0 5.4+0.7 -
Ster-A-6month 6.0+0.6 26.3+£8.5 5.3+1.2 -
10B-A-6month 5.7+0.2 350.24£9.3 6.0+£1.2 57.7£7.5
0.5Y-A-6month 5.7+003 47.0£2.4 4.7+0.5 35.3+7.8

*Strain TCLigB: inoculate pure colony of strain TCLigB into liquid Ca-P medium. Ster: sterilized materials included
H: rice husk, A: rice husk ash, and C: rice husk carbon complexed bacterial suspension of strain TCLigB incubated in
1% molasses and 0.5% rapeseed meal. 10B-A: no sterilized rice husk ash complexed with bacterial suspension of
strain TCLigB incubated in 1% molasses and 10% rapeseed meal. 0.5Y-A: the same with 10B-A except strain
incubated in 1% molasses, 1% rapeseed meal and 0.5%yeast extract. -3month and -6month: different complexes
stored 3 and 6 months.

** Mean+S.D

*** no contamination
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Evaluation of Rice Husk, Rice Husk Carbon and
Rice Husk Ash Used as Carrier for Bacillus
licheniformis TCLigB'

You-Hong Zeng * and Yi-Chien Wu *
ABSTRACT

Bacillus licheniformis strain TCLigB with phosphate solubilizing, IAA producing, cellulose and
lignin degrading ability was used in complexing with rice husk(H), rice husk carbon(C) and rice husk
ash(A). The pH and EC value were 6.5 and 0.8 dS/m in H, 7.1 and 1.3 dS/m in C, and 8.4 and 2.4 dS/m in
A, respectively. In this experiment, the carrier materials were either sterilized by autoclave or not. Strain
TCLigB was complexed with sterilized H(Ster-H), C(Ster-C) and A(Ster-A) materials then stored for six
months at room temperature, bacterial numbers of strain TCLigB were higher than 10’ CFU/g in Ster-H
and Ster-C but only 10° CFU/g in Ster-A. After storage for six months of Ster-A, the pH and EC increased
to 9.5 and 6.2 dS/m, respectively. Bacterial number of strain TCLigB cultivated in different liquid media
were higher than 10° CFU/ml. Among medium with different formula, higher bacterial numbers(higher
than 10° CFU/ml) of strain TCLigB were found after cultivating in 1% molasses with 10% rapeseed
meal(10B) and 1% molasses, 1% rapeseed meal and 0.5% yeast extract(0.5Y) medium. Bacterial cultures
of strain TCLigB obtained from different liquid media were complexed with non-sterilized H, C and A,
and putted in 70°C oven for 2.5 hours. All the 70°C treated complexes were placed in room temperature.
After ten days, one, three and six months, the bacterial number of strain TCLigB and contamination rate
were determined. After storage for six months, bacterial number of strain TCLigB was higher than 10’
CFU/g and contamination rate was less than 15% only in strain TCLigB cultured in 10B and 0.5Y
complexed with rice husk ash material. All the complexes with bacterial numbers of strain TCLigB higher
than 10" CFU/g and contamination rates less than 15% showed phosphate solubilizing ability in

tricalcium phosphate containing liquid media.

Key words: rice husk, rice husk carbon, rice husk ash, Bacillus licheniformis
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