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Pilot-scale Production of   

Carboxymethylcellulase from Rice Hull by  

Bacillus amyloliquefaciens DL-3 
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^Äëíê~Åí= Optimal conditions for pilot-scale production of the carboxymethylcellulase (CMCase) by _~Åáääìë=~ãóäçäáèìÉÑ~ÅáÉåë DL-3 

were investigated. The best carbon and nitrogen sources for the production of CMCase by _K=~ãóäçäáèìÉÑ~ÅáÉåë DL-3 were 

found to be rice hull and peptone and their optimal concentrations were 5.0 and 0.20% (w/v), respectively. Optimal tempera-

ture and initial pH for the production of CMCase were 37°C and 6.8. Optimal agitation speed and aeration rate for the pro-

duction of CMCase were 300 rpm and 1.0 vvm in a 7 L bioreactor, which were different from those for the cell growth of _K=

~ãóäçäáèìÉÑ~ÅáÉåë DL-3. The highest productions of CMCase by _K=~ãóäçäáèìÉÑ~ÅáÉåë DL-3 from 5.0% (w/v) rice hull as a 

carbon source under optimal conditions in a 7 or 100 L bioreactor were 220 and 367 U/mL, respectively. © KSBB 

 

hÉóïçêÇëW=Bacillus amyloliquefaciens, Å~êÄçñóãÉíÜóäÅÉääìä~ëÉ=E`j`~ëÉF, çéíáãáò~íáçå, êáÅÉ=Üìää=
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q~ÄäÉ=NK Effect of different carbon and nitrogen sources on cell growth of _K=~ãóäçäáèìÉÑ~ÅáÉåë DL-3a 

DCW (g/L)b 

Carbon sources 
Nitrogen sources 

Glucose Fructose Maltose Sucrose Rice bran Rice hull 

Malt extract 2.86 ± 0.12 4.62 ± 0.44 4.70 ± 0.36 5.22 ± 0.41 1.96 ± 0.15 1.58 ± 0.21 

Peptone 2.82 ± 0.22 3.34 ± 0.23 4.70 ± 0.54 5.22 ± 0.35 1.72 ± 0.22 1.50 ± 0.12 

Tryptone 4.66 ± 0.35 2.96 ± 0.12 2.64 ± 0.33 2.66 ± 0.32 2.08 ± 0.16 1.70 ± 0.15 

Yeast extract 2.30 ± 0.15 2.96 ± 0.32 2.46 ± 0.14 3.60 ± 0.41 1.60 ± 0.21 1.50 ± 0.22 

Ammonium chloride 2.20 ± 0.24 1.40 ± 0.07 1.76 ± 0.09 2.80 ± 0.22 1.86 ± 0.13 1.60 ± 0.21 

Ammonium nitrate 2.34 ± 0.33 1.78 ± 0.14 2.28 ± 0.15 2.84 ± 0.32 1.96 ± 0.24 1.58 ± 0.13 
aCultivated at 37oC and 200 rpm in a rotary shaking incubator for 72 h. 
bMeans of triplicate experiments.�

�

�

q~ÄäÉ=OK Effect of different carbon and nitrogen sources on the production of CMCase by _K=~ãóäçäáèìÉÑ~ÅáÉåë DL-3 

CMCase activity (U/mL) 

Carbon sources 
Nitrogen sources 

Glucose Fructose Maltose Sucrose Rice bran Rice hull 

Malt extract 32.9 ± 4.6  7.7 ± 2.4  3.6 ± 1.8  7.5 ± 2.3 35.8 ± 5.3  73.3 ± 9.3 

Peptone 12.2 ± 2.3 86.4 ± 6.5 12.1 ± 3.2 50.9 ± 8.1 84.2 ± 6.2 102.0 ± 15.2 

Tryptone 12.9 ± 2.7 14.9 ± 2.1 62.2 ± 5.6 62.5 ± 5.8 58.7 ± 6.1  71.5 ± 5.9 

Yeast extract 76.4 ± 5.6 11.9 ± 2.7 86.9 ± 7.1 74.1 ± 8.1 69.5 ± 8.4  81.1 ± 9.5 

Ammonium chloride 86.4 ± 6.4  8.4 ± 1.6  9.6 ± 2.5  8.7 ± 3.4 61.4 ± 7.2  73.6 ± 6.2 

Ammonium nitrate 15.9 ± 3.2 12.2 ± 1.1  8.6 ± 2.0  7.4 ± 2.5 53.6 ± 5.4  61.8 ± 6.8 

�

�

q~ÄäÉ=PK Effect of different rice hull and peptone concentrations on cell growth of _K=~ãäóçäáèìÉÑ~ÅáÉåë DL-3 

DCW (g/L) 

Rice hull (%) 
Peptone (%) 

0 1.0 2.0 3.0 5.0 7.5 10.0 

0.00 0.32 ± 0.05 1.04 ± 0.14 1.30 ± 0.19 1.70 ± 0.23 2.10 ± 0.28 2.21 ± 0.25 1.98 ± 0.29 

0.05 0.44 ± 0.04 1.02 ± 0.16 1.38 ± 0.16 1.76 ± 0.18 2.30 ± 0.32 2.32 ± 0.35 2.04 ± 0.41 

0.10 0.62 ± 0.08 1.15 ± 0.13 1.40 ± 0.22 1.80 ± 0.24 2.38 ± 0.28 2. 43 ± 0.42 2.21 ± 0.39 

0.15 0.60 ± 0.11 1.12 ± 0.15 1.42 ± 0.21 1.86 ± 0.27 2.36 ± 0.31 2.45 ± 0.35 2.36 ± 0.36 

0.20 0.76 ± 0.06 1.10 ± 0.16 1.52 ± 0.17 1.98 ± 0.19 2.42 ± 0.36 2.52 ± 0.26 2.21 ± 0.43 

0.25 0.72 ± 0.10 1.16 ± 0.09 1.48 ± 0.13 2.08 ± 0.25 2.51 ± 0.42 2.42 ± 0.35 2.18 ± 0.38 

0.30 0.70 ± 0.12 1.21 ± 0.19 1.68 ± 0.21 2.10 ± 0.18 2.64 ± 0.35 2.35 ± 0.37 2.11 ± 0.37 

0.50 0.68 ± 0.08 1.24 ± 0.16 1.80 ± 0.17 2.04 ± 0.27 2.36 ± 0.22 2.26 ± 0.28 2.02 ± 0.33 
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Biotechnol. Bioprocess Eng.  NUR=

�

q~ÄäÉ=QK Effect of different rice hull and peptone concentrations on the production of CMCase by _K=~ãóçäáèìÉáÑ~ÅáÉåë DL-3 

CMCase activity (U/mL) 

Rice hull (%) 
Peptone (%) 

0 1.0 2.0 3.0 5.0 7.5 10.0 

0.00 16.3 ± 4.3 26.8 ± 5.4 67.8 ± 7.2 082.1 ± 6.5  96.3 ± 13.2  73.3 ± 8.4  66.4 ± 9.3 

0.05 18.5 ± 5.2 33.2 ± 4.9 65.5 ± 8.3 104.0 ± 11.4 126.6 ± 11.4 117.6 ± 13.5  87.2 ± 8.1 

0.10 22.3 ± 4.3 36.3 ± 4.5 65.5 ± 6.6 105.4 ± 9.7 142.9 ± 16.3 121.4 ± 14.3 105.3 ± 21.3 

0.15 20.5 ± 3.4 37.5 ± 5.3 78.8 ± 8.4 138.5 ± 10.2 157.2 ± 13.2 127.5 ± 15.3 118.1 ± 18.6 

0.20 28.2 ± 3.9 46.9 ± 6.1 98.8 ± 7.3 138.5 ± 10.2 211.7 ± 19.5 131.2 ± 16.9 105.4 ± 14.3 

0.25 25.6 ± 4.3 54.1 ± 5.3 81.1 ± 10.2 163.7 ± 21.4 188.7 ± 21.2 122.5 ± 15.7  97.2 ± 16.8 

0.30 17.3 ± 3.6 23.3 ± 3.4 82.0 ± 9.8 166.6 ± 16.5 165.7 ± 19.3 120.6 ± 14.5  95.4 ± 18.2 

0.50 14.0 ± 4.1 61.9 ± 7.2 81.5 ± 6.3 156.3 ± 17.2 149.4 ± 12.1 113.5 ± 19.3  81.2 ± 10.6 

 

�

q~ÄäÉ=RK Effect of temperature and initial pH of the medium on cell growth of _K=~ãóäçäáòìÉáÑ~ÅáÉåë DL-3 

DCW (g/L) 

Initial pH Temperature 

(oC) 5.8 6.8 7.3 7.8 8.3 9.3 

32 2.14 ± 0.19 2.20 ± 0.16 2.96 ± 0.36 2.80 ± 0.17 2.70 ± 0.16 2.36 ± 0.32 

37 2.04 ± 0.31 2.13 ± 0.27 2.30 ± 0.22 2.40 ± 0.26 2.30 ± 0.34 2.11 ± 0.16 

42 1.08 ± 0.29 1.18 ± 0.16 1.24 ± 0.16 1.52 ± 0.22 1.50 ± 0.31 1.32 ± 0.29 

 

 

q~ÄäÉ=SK Effect of temperature and initial pH of the medium on the production of CMCase by _K=~ãóçäáèìÉáÑ~ÅáÉåë DL-3 

CMCase activity (U/mL) 

Initial pH Temperature 

(°C) 5.8 6.8 7.3 7.8 8.3 9.3 

32 124.6 ± 17.3 204.5 ± 16.5 179.2 ± 15.6 144.0 ± 18.2 133.0 ± 16.1 104.6 ± 16.8 

37 148.4 ± 11.6 211.0 ± 19.1 205.4 ± 22.3 204.8 ± 13.3 179.8 ± 21.3 142.6 ± 18.2 

42 156.6 ± 23.2 199.4 ± 23.1 181.9 ± 19.6 168.8 ± 18.7 165.8 ± 19.5 140.3 ± 22.4 
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cáÖK=NK Effect of agitation speed on the cell growth of _K=~ãóçäáèìÉáJ

Ñ~ÅáÉåë DL-3 in a 7 L bioreactor. Aeration rate was 1.0 vvm 

(�, 200 rpm; �, 300 rpm; �, 400 rpm; �, 500 rpm).�
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cáÖK=OK Effect of agitation speed on the production of CMCase by 

_K= ~ãóçäáèìÉáÑ~ÅáÉåë DL-3 in a 7 L bioreactor (�, 200 

rpm; �, 300 rpm; �, 400 rpm; �, 500 rpm).�
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cáÖK=PK Effect of aeration rate on the cell growth of _K=~ãóçäáèìÉáJ

Ñ~ÅáÉåë DL-3 in a 7L bioreactor. Agitation speed was 400 

rpm (�, 0.25 vvm; �, 0.5 vvm; �, 1.0 vvm; �, 1.5 vvm).�
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cáÖK=QK Effect of aeration rate on the production of CMCase by _K=

~ãóçäáèìÉáÑ~ÅáÉåë DL-3 in a 7 L bioreactor (�, 0.25 vvm; 

�, 0.5 vvm; �, 1.0 vvm; �, 1.5 vvm).�
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cáÖK=RK Growth curve and production of CMCase by _K=~ãóäçäáèJ

ìÉÑ~ÅáÉåë DL-3 in a culture medium containing 5.0% 

(w/v) rice hull as a carbon source and 0.2% (w/v) pep-

tone as a nitrogen source in a 100 L bioreactor (�, pH; 

�, DCW; �, DO; �, CMCase activity; �, protein quan-

tity).�
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