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Abstract

This work describes production of Bacillus sp. cell biomass at high concentration with defined medium, using dextrin
(glucose oligomer) from cassava starch hydrolysis, at high concentrations as the carbon source together with a special
batch cultivation technique which is simple and inexpensive. The study in flask using Batch Production Medium (BPM)
with dextrin as the carbon source showed an efficient biomass yield of 12.93 g/l. Furthermore, in 5-liter fermenter
cultivation, dextrin could be used at a very high concentration up to 100 g/l without growth inhibition (this cannot be
done, if using sugar as the carbon source) and enhanced cell biomass concentration to 31.98 g/l. Further scaled-up
studies of the cultivation in 30 and 300-liter fermenters were carefully performed in order to test the feasibility
for production at an industrial scale. They clearly generated excellent results because of good cell growths and
producing biomass yields at the very high concentrations of 43.45 and 47.03 g/l with the maximum cell productivities
(cell production rates) at 3.11 and 3.92 g/l/h, respectively. The results of this study importantly demonstrate highly
effective production which is able to be developed to industrial scales and substitute the usual fed-batch cultivation

technique which is a complicated method and high cost.
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Figure 1. Growth, dry cell weight, and reducing sugar
during cultivations of Bacillus sp. With different
carbon sources
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Figure 2. Growth, dry cell weight, and reducing sugar
during cultivation of Bacillus sp. with dextrin at
concentrations of 20, 40 and 100 g/l
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WIRLTAE (r) Wiy 1.33 nSudadntdetlug ussdan
mﬂmmma (r) wihily 2.96 nSudedasaatalug §6u
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805 Ieanududuuasaialmas (x) Winiu 23.10 3y
@afay 893IINIITYIUNIE (u) ¥IAY 0.16 dadalug
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g 20 nSudedns dslianuduTuTeINIaITas (x)
WinNU 4.13 NINADAAT aAIINNIIIYTNNIL () WY
0.04 dadalus Fwiszantuamaddensliinea (Y )
Winfu 0.25 NSNABNTN BATIMIHAANIALTAR (r r) YNy
0.17 nSudadasdatilug uazdasmsldinana (r) Wiy
0.69 niudodasAadalug anwddu
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8613 ‘ﬁﬂ"m’ﬁﬂﬂﬂﬁuum 96.55 (Figure 3) FafloRason
AU INITIRUNWRAIFASTEINITLTY WUIIAIANN
BUTUURINIRLTAS (x) LWNNU 43.45 nSudaday 8aT

0 &
MILETYI UM (u) D 0.21 dadnlay ddwuiszand

YasanarTasaamslEinana (v,) WiNTU 0.85 NINGanTy
ATIMINAANIALTAR (r) winfiu 3.1 nSudaanssodalu
wazdarmsldinana (r) Wiy 3.63 nSusednsdadalug
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@afAT NIINNIITYINNE (y) AU 0.25 dadalug
FulsAanmInaaunarmasdonslfiima (Y, wiriy
0.63 NFUGABNTN BATINIHAAUIALTAR (r) m’mtu 3.92
nSudadasdotalug T@ﬂmvluumiwummwmmums
aﬁmauwl%mgammmnau) @TONY NRBITY UAY
\TEg TS denand, 2557 ; aTyniie andbides, 2561 ;
Lee, 1996 ; Rosovitz et al., 1998 ; Gill and Kaur, 2004 ;
Kunamneni and Singh, 2006 ; Shojaosadati et al., 2008
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; Kulpreecha et al., 2009 ; Zhu and Xu, 2010 ; Barros et
al., 2013 ; Raul et al., 2014 ; Malairuang et al., 20) LLag
dammisldiiana (r) 1w 6.26 niudaAnydadalug
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Table 1. Calculated growth kinetic parameters of Bacillus sp. Cultivations in BPM medium with different carbon
sources
X M r r
Carbon sources 4 xis x s
(9/) (h7) (9/9) (9/l/h) (9/l/h)

Commercial glucose 5.13 £ 0.50° 0.15 + 0.02° 0.45 + 0.05° 0.57 + 0.06° 0.94 + 0.05°
Glucose hydrolysate 470 +0.27° 0.05 +0.01° 0.29 + 0.05° 0.52 +0.03° 0.68 + 0.02°
Dextrin 12.93 + 0.40° 0.18 + 0.03° 0.57 + 0.04° 0.72 + 0.03° 0.99 + 0.00°

Statistic comparisons of those mean values within their own columns (among treatments of cultivation conditions) at p-values of <0.05 show
different characters, a, b, and ¢, which mean statically significant differences.

Table 2.

Calculated growth kinetic parameters of Bacillus sp. Cultivations in BPM medium with dextrin at

concentrations of 20, 40, and 100 g/l in 5-L fermenters, and 100 g/l of dextrin in 30-L and 300-L fermenters

Dextrin concentrations Fermenter X 1] Yxls r r
(g/) volumes (L) (g/) (h") (g/g9) (g/l/h) (g/l/h)
20 5 413+ 0.21° 0.04 £ 0.01° 0.25 + 0.01° 0.17 £ 0.01° 0.69 * 0.00°
40 5 23.10 £ 0.36° 0.16 £ 0.01° 0.58 + 0.01° 1.29 £ 0.02° 2.21  0.00°
100 5 31.98 + 0.34° 0.19 + 0.00° 0.45 % 0.01° 1.33  0.02° 2.96 + 0.04°
100 30 43.45 £ 0.07° 0.21 £ 0.00° 0.62 % 0.00° 3.1+ 0.02° 3.63 0.03°
100 300 47.03 + 0.15° 0.25  0.01° 0.63 £ 0.00° 3.92 £0.01° 6.26 + 0.03°

Statistic comparisons of those mean values within their own columns (among treatments of cultivation conditions) at p-values of <0.05 show
different characters, a, b, ¢, d, and e, which mean statically significant differences.

Note X : Cell biomass concentration (g/l)
u : Specific growth rate (h™)
Y)ds : Yield coefficient of cell biomass per unit of carbon source substrate (g/g)
r : Production rate of cell biomass or cell biomass productivity (g/I/h)
r : Rate of carbon source substrate utilization (g/I/h)

asanluanisilisagezndnazdiannie
LONNUaRBaNN (Crebtree effect) (VITYONY WIRLIIDI AL
\asgiTs Senaas, 2557 ; aaiin andbides, 2561)
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ODygy,» DCW (g/l), Reducing sugar (g/l)

0 2 4 6 8 10 12 14 16

Cultivation time (h)

Figure 3. Growth, dry cell weight and reducing sugar during
Cultivation of Bacillus sp. in BPM medium with 100 g/l of
dextrin in 30-L fermenter

&
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Cell Level, FBC) (¥7qynyy 11aut3ad, 2561)
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Figure 4. Optical density, dry cell weight and reducing
sugar during cultivation of Bacillus sp. in BPM medium with
100 g/l of dextrin in 300-L fermenter
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IR EIUULINALLAT (Fed-batch) Gslfumasnnsuam
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